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FOREWORD 


The  effectiveness  of  categorical  health  care  in  terms  of  clinical  results  and 
research  productivity  is  weM  illustrated  by  the  material  within  this  volume 
produced  by  the  concerted  effort  of  enthusiastic,  hard-working,  and  gener- 
ally optimistic  laboratory  and  clinical  staff.  Not  only  has  averacie  duration  of 
hospital  stay  for  our  burn  patients  decreased  over  the  past  five  years  but  im- 
proved functional  results  have  also  been  achieved  in  many  patients  with  severe 
burns, and  clinical  and  laboratory  investigations  have  led  to  improved  diagnosis 
of  inhalation  injury,  effective  prophylaxis  against  Curling's  ulcer,  identifica- 
tion of  basic  defects  in  host  resistance,  and  improved  techniques  of  metabolic 
and  nutritional  support.  This  clinical- laboratory  symbiosis,  which  has  broad 
medical  applicability,  is  dependent  upon  several  factors  which  are  in  them- 
selves mutually  reinforcing. 

The  Army  Medical  Department  has,  by  concentrating  burn  care  at  this 
Institute,  ensured  adequate  and  dependable  density  of  patients.  The  Medical 
Research  and  Development  Command,  by  farsighted  personnel  management,  has 
provided  for  stability  of  senior  staff,  assignment  of  selected  clinical  staff  and 
the  implacement  of  a multl'ilsciplinary  research  team.  Planned  construction  by 
the  Medical  Department  has  also  established  sophisticated  research  laboratory 
facilities.  The  staff.  In  turn,  has  Identified  significant  problems  for  study,  or- 
ganized interdisciplinary  research  teams,  established  dedicated  clinical  study 
areas,'  promoted  active  involvement  of  allied  scientists  and,  as  noted  above, 
applied  research  techniques  in  an  innovative  fashion  to  the  successful  resolu- 
tion of  clinical  problems.  This  symbiosis,  which  must  exist  for  effective, 
clinically  relevant  research,  benefits  the  individual  staff  member  by  facilitating 
his  scientific  and  clinical  productivity  and  benefits  the  Army  by  the  merit  of  the 
end  product  and  the  productivity  of  the  Institute.  Most  importantly,  the  burned 
or  otherwise  injured  soldier  remains  the  focal  point  of  ali  the  care  and  research 
activities  of  the  Institute  and  benefits  from  these  combined  individual  and  or- 
ganizational efforts. 

BASIL  A.  PRUITT,  JR.,  MD^^ACS 
Colonel,  MC  ■ 

Commarider  f.  Director 
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I.  TCCNNICAL  OtJKCTtVC.*  24.  ARRROACH.  it  PnOQUtU  I4milll94  by  mmkm 

23.  (U)  The  Clinical  Division  of  the  US  Army  Institute  af  Surgical  Research  continues 
its  role  as  a major  specialized  clinical  treatment  center  for  thermally  injured  militeun 
persoi,nei.  Its  main  objectives  are  the  investigation  and  modification  of  new  diagnostic 
and  therapeutic  methods  for  optimuTi  care  of  the  burn  patient  as  well  as  dissemination 
of  the  scientific  advances  to  military  and  civilian  medical  treatment  centers. 

24.  (U)  Thermally  injured  patients  both  from  the  Continental  United  States  and 
throughout  the  world  are  evacuated  to  the  US  Army  Institute  of  Surgical  Research  for 
intensive  inpatient  tb.erapy.  Carefully  controlled  clinical  evaluation  of  the  efficacy 
of  many  treatment  niodalitd.es  is  undertaken. 

25.  (U)  75  01  - 75  12  During  1975,  ?54  burn  patients  were  admitted  to  the  Institute  o: 
Surgical  Research.  Specific  attention  to  the  early  diagnosis  and  treatment  of  inhala- 
tion injury  involved  the  use  of  fiberoptic  bronchoscope  ard  xenon  scan  for  the  diagnosii 
and  treatment  of  inhalation  injuries.  In  a double-b3ind  study  steroids  in  inhalation 
injuries  were  found  v.o  be  non  efficacious.  Early  fluid  resuscitation  was  evaluated  wit] 
ongoing  attention  to  the  role  of  colloid  in  the  first  24  hours  post  burn.  As  in 
previous  years,  pulmonary  infection  with  grara-negatj.ve  organisms  continues  co  be  a 
frequently  observed  complication  of  thermal  injury  and  intensive  investigation  in 
methods  of  prevention  and  treatment  continues.  Continued  evaluation  of  the  ’'ole  of 
topical  chemotherapeutic  agents  is  proceeding  wi  h an  attempt  to  delineate  the  true 
role  of  topical  therapy  in  the  care  of  the  large  thermal  injury.  General  principles  of 
management  previously  described  at  this  unit  remain  basically  u.ichangeu.  Several  new 
clinical  approaches  to  the  treatment  of  the  extensive  thermal  injury  and  its 
complications  are  presently  being  evaluated.  These  incl,.^e  earlier  excision  both  forma! 
and  tangential,  maintenance  of  an  environment  more  tolerable  to  the  patient,  i.e., 
warmer  and  more  rigorous  pursuit  of  tiie  patient's  nutritional  requirements. 
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Two  hundred  and  fifty-four  patients  with  thermal  injury  were  admit- 
ted to  the  Clinical  Division  of  the  United  States  Army  Institute  of 
Surgical  Research  during  the  calendar  year  of  1975.  The  Institute's  main 
emphasis  continues  to  be  providing  optimal  care  to  military  personnel  and 
authorized  civilians  with  major  thermal  injuries.  Clinical  investigation 
has  continued  into  the  physiology,  biochemical  and  bacteriologic  aspects 
of  the.mal  Injury.  Continued  evaluation  of  the  role  of  topical  chemo- 
therapeutic ?gents  is  proceeding  with  an  attempt  to  delineate  the  true 
role  of  topical  therapy  in  the  care  of  patients  with  extensive  ttiermal 
Injury.  Several  new  clinical  approaches  to  the  treatment  of  the  exten- 
sive thermal  injury  and  its  complications  are  presently  being  evaluated. 
These  include  earlier  excision  both  tangential  and  .'it  the,  level  of  the 
investing  fascia,  maintenance  of  a warm  microenvironment  to  decrease 
energy  needs,  and  improved  nutritional  support.  This  report  summarizes  , 
the  activity  of  the  Clinical  Division  of  the  United  States  Army  institute 
of  Surgical  Research  in  1975  and  cites  the  recognizable  complications 
which  have  contributed  to  mortality  and  morbidity  In  burn  patients. 
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Thermal  Injury 
Resuscitation 
Air  evacuation 
Topical  therapy 


Heterograft 
Autograft 
Homograft 
Inhalation  Injury 


CLINICAL  OPERATION,  CENTER  FOR  TREATMENT 
OF  BURNED  SOLDIERS 


The  Clinical  Division  of  the  United  States  Army  institute  of 
Surgical  Research  continued  through  the  year  of  1975  to  have  as  Its 
primary  objective  the  provision  of  clinical  care  for  the  thermally  in- 
jured soldier.  The  number  of  admissions  intreased  from  2kk  In  197^  to 
2k5  patients  in  1975- ' 

in  1975  there  were  a total  of  37  aeromedlcal  evacuation  flights^ 

86  of  these  were  CONUS  flights  (within  the  Continental  United  States) 
with  108  patients  evacuated.  All  patients  within  a radius  of  200  miles 
of  Brooke  Army  Medical  Center  requiring  air  evacuation  were  transported 
by  helicopter.  There  were  18  flights  for  that  purpose.  There  was  one 
flight  outside  of  the  Continental  United  States  that  being  to  Alaska. 

CLINICAL  MANAGEMENT 

In  depth  description  of  the  management  of  patients  with  thermal 
injury  as  practiced  by  this  Ins..ttute  are  found  in  previous  Annual 
Reports  and  in  numerous  scientific  publications.  Therefore  the  follow- 
ing remarks  will  be  limited  to  new  and  current  methods  of  clinical  therapy. 

1975  was  the  first  year  in  which  siNer  sulfadiazine  was  used  ex- 
clusively as  the  initial  primary  topical  chemotherapeutic  agent.  The 
initial  success  noted  during  the  period  of  comparison  treatment  vflth 
Sulfamylon  in  197^  did  not  continue  to  the  degree  first  noted.  During 
1975  there  was  a remarkable  increase  in  the  resistance  of  the  Klebsiella 
cultured  from  the  wounds  to  silver  sulfadiazine.  A complete  change  of 
the  predominant  organism  in  the  burn  wound  from  Enterobecter  cloacae  to 
Klebsiella  was  seen.  This  increased  resistance  was  heralded  by  earlier 
time  of  positive  blood  culture,  earlier  onset  of  sepsis  and  earlier  flme 
to  death  in  the  large  burns.  There  has  also  been  a decrease  in  the  T050 
in  the  15  to  i*0  age  group  so  that  it  is  now  less  than  the  63.5  noted  In 
197^.  The  premises  of  the  earlier  comparison  study  were  again  born  out 
through  1975  that  being  that  Sulfamylon  offers  a far  better  bacterial 
control  of  the  gram  negative  flora  of  the  burn  wound,  but  may  exert 
deleterious  systemic  effects  on  patients  with  burns  greater  than  30%  In 
the  early  post  burn  period. 

Early  pulmonary  complications  characterized  by  hyperventilation, 
respiratory  alkalosis  with  progression  to  a fluid  overload  pattern  and 
the  appearance  of  "shock  lung"  were  rare  in  1975-  The  major  pulmonary 
complications  in  1975  were  fluid  overload  secondary  to  vigorous  resusci- 
tation which  responded  rapidly  to  diuresis  and  fluid  restriction  and 
pneumonitis  secondary  to  both  inhalation  injury  and  gram, negative  infect- 
ion per  se.  The  lack  of  significant  early  pulmonary  complications 
except  those  related  to  severe  inhalation  injury  bespeaks  the  benign 
properties  of  silver  sulfadiazine  as  an  initial  topical  agent,  however, 
during  1975  this  positive  quality  began  to  be  outwe.jhed  by  stiver  sulfa- 
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dtaztne's  lack,  of  efficacy  against  the  gram  negative  population  of  the 
burn  wound  and  a re  emergence  of  Pseudomonas  organisms  In  the  burn  wound 
of  terminal  patients.  However  It  remains  our  opinion  that  Sulfamylon 
does  offer  better  bacterlologic  control  of  the  burn  wound  but  It  may 
cause  marked  hyperventilation  In  patients  with  burns  greater  than  30% 
and  It  Is  our  opinion  that  It  should  be  reserved  for  use  as  the  topical 
agent  for  treatment  of  heavily  colonized  or  Infected  burn  wounds. 

133 

The  “^Xenon  lung  scan,  fiberoptic  bronchoscopy,  and  pulmonary 
function  testing  continued  to  be  used  for  the  documentation  of  inhalation 
Injury.  As  has  been  noted  In  the  past  we  have' obtained  falsely  positive 
xenon  scans  due  to  chronic  lung  disease  or  acute  upper  respiratory  In- 
fection which  existed  prior  to  burning.  However,  when  the  *33xenon  lung 
scan  Is  correlated  with  bronchoscopy  falsely  positive  diagnoses  are  rare. 
At  present  we  are  evaluating  nebulized  gentamicin  in  a double  blinded 
fashion  In  patients  with  positive  findings  of  Inhalation  Injury.  To  date 
no  results  are  available.  At  present  we  administer  large  doses  of 
steroids  systemlcally  and  aerosolized  racemic  epinephrine  in  the  treat- 
«Mnt  of  upper  airway  Inflammation  to  reduce  or  limit  edema  formation  and 
avoid  Intubation.  Attempts  are  being  made  to  correlate  pulmonary  funct- 
ion with  the  status  of  the  acute  upper  airway  before  and  after  such 
treptmrnt  In  an  effort  to  document  Its  efficacy. 

In  1975  as  In  previous  years  the  two  major  fluid  and  electrolyte 
problems  seen  at  the  Institute  of  Surgical  Research  were  hypernatremia 
and  hyponatremia.  Hypernatremia  reflecting  a water  deficit  was  found  to 
be  the  roost  common  electrolyte  abnormality  in  the  burn  patient.  Hypo- 
natremia Is  the  roost  common  electrolyte  change  In  the  burned  child  and 
Is  often  manifested  by  seizures.  It  is  caused  either  by  excessive 
administration  or  too  rapid  administration  of  electrolyte  free  fluids  or 
the  "leeching"  effect  of  silver  nitrate  dressings  when  used.  These 
findings  again  call  for  caution  in  the  administration  of  nonelectrolyte 
fluid  In  small  children  and  for  the  careful  monitoring  of  all  patients 
In  silver  nitrate  dressings  and  for  careful  observation  of  all  patient's 
electrolyte  status  during  resuscitation. 

Interest  has  continued  during  1975  in  primary  e.<clsion  both  to  the 
level  of  the  investing  fascia  and  tangential.  Twer^y-one  formal  excis- 
ions to  the  level  of  the  investing  fascia  were  done  while  42  tangential 
excisions  were  carried  out  in  1975,  23  of  these  being  excision  of  burns 
of  the  hand.  The  excisions  to  the  level  of  the  investing  fascia  fell 
Into  two  categories;  excisions  of  massive  burns  with  immediate  coverage 
with  cutaneous  allograft  or  xenograft,  all  of  which  have  done  poorly  and 
excision  of  localized  full  thickness  Injury  in  patients  with  moderate 
sized  burns  4Q-60%,  all  of  which  have  done  well  in  1975.  Evaluation  of 
tangential  excision  continued  throughout  1975.  Tangential  excisions  also 
fall  Into  two  groups.  The  first  being  tangential  excision  of  burns  of 
the  hands  with  Immediate  autografting.  This  Is  carried  out  on  deep 
second  degree  burns  of  the  hand  that  have  no  significant  areas  of  third 
degree.  Involvement,  The  functional  results  have  been  excellent  and  this 
treatment  has  much  to  recommend  It  over  scalpel  excision  of  t'le  hands. 


When  the  hands,  that  were  tangentially  excised  had  deep  second  degree 
burns,  the  results  were  uniformly  excellent.  In  the  few  cases  where 
full  thickness  injury  was  recognized  and  excised,  the  results  were  in- 
distinguishable from  classical  conservative  treatment.  Tangential  ex- 
cision was  also  employed  in  patients  having  full  thickness  wounds  with  . 
tenacious  eschar.  The  eschar  was  tangentially  excised  until  freely 
bleeding  yellow  fat  was  encountered.  These  areas  were  either  covered 
with  biologic  dressing  or  with  Sulfamylon  soaks  and  allowed  to  granulate. 
The  wound  matured  and  good  granulation  tissue  formed  in  seven  to  U days 
permitting  subsequent  "mesh"-  grafting. 

Interest  has  continued  in  the  metabolic  status  of  the  burn  patient 
during  1975.  Glucose  flow  through  the  extravascular  compartment  has  been 
evaluated  and  found  to  be  significantly  elevated  in  17  burn  patients 
between  the  6th  and  the  l6th  post  burn  day  when  compared  to  normal  in- 
dividuals. This  shows  an  increased  rate  of  g1 uconeogenesis  in  the  second 
post  burn  week  that  was  directly  related  to  the  extent  of  injury  and 
with  time  returned  in  a curvilinear  manner  towards  normal  with  closure  of 
the  burn  wound,  tn  contrast  to  this  glucose  flow  decreased  towards 
normal  in  the  patients  with  gram  negative  infection.  The  elevated 
glucose  flow  in  patients  with  extensive  burn  injuries  drops  precipitously 
towards  normal  with  onset  of  gram  negative  sepsis.  S i mult arteous-, measure- 
ments of  glucose  flow  and  oxygen  consumption  demonstrated  a close  re- 
lationship between  gl uconeogenesis  and  heat  production. 

Glucogon  administration  in  normal  man  was  also  evaluated.  Increased 
heat  production  occurred  with  glucogon  administration  in  a hypothermic 
elderly  burn  patient.  This  Increased  heat  response  is  closely  related 
to  and  appears  concomitantly  with  translocation  of  glucose  to  the  peri- 
phery, but  cannot  be  duplicated  by  glucose  infusion  al6ne.  The  increased 
caloric  needs  of  the  burn  patient  appear  to  reflect  the  Increased  energy 
requirements  of  accelerated  gl uconeogenesis. 

During- 1975  Intragastric  instillation  of  antacids  was  used  as  pro- 
phylaxis against  the  complications  of  Curling's  ulcers.  Sufficient  ant- 
acid was  instilled  on  a q 1 to  2 hour  basis  to  maintain  the  pH  of  the 
stomach  contents  at  7.0  or  above.  This  has  been  attended  by  a marked 
decrease  In  clinical  complications  of  stress  ulcers  so  that  only  one 
major  Gl  bleeder  required  operation  In  1975>  We  have  made  antacid 
prophylaxis  a routine  In  the  early  po^t  burn  course  with  excellei.t 
results. 

EDUCATION 

During  the  period  of  this  report,  ^ irgical  residents  from  Brooke* 
Army  Medical  Center,  1 from  Fltzsimons,  i . ’oro  David  Grant  U3AF  Medical , 
Center,  Travis  AFB,  California  and  1 civilian  physician  from  Northwestern 
and  1 res'dent  from  the  University  of  Wisconsin  at  Milwaukee  pa/ticipated 
as  active  members  of  the  medical  staff  for  periods  of  2 months  to  1 year 
as  part  of  their  surgical  training.  ^ ph^^slcian  from  the  Navy  or  Sweden, 


two  Army  and  one  Navy  reservist  completed  their  tours  of  active  duty 
training  with  our  unit  and  one  senior  medical  student  from  the  University 
of  Texas  In  San  Antonio,  one  from  Northwestern,  and  one  from  the  Unlver” 
slty  of  Missouri  School  of  Medicine  spent  from  two  weeks  to  one  month  In 
observer  training.  Twenty»'flve  Air  National  Guard  officers  and  paramed- 
ical personnel  from  one  unit  were  given  a two  hour  tour  and  briefing. 
Approximately  93  civilian  and  military  physicians  and  130  nurses,  students 
and  paramedical  personnel  visited  and  were  briefed  during  1975.  Forty-two 
foreign  visitors  from  the  following  countries;  Belgium,  Japan,  France, 
Nof^y,  Ireland,  Israel,  Sweden,  England,  Switzerland,  Germany,  Denmark, 
Korea,  R'.pjbllc  of  Zaire,  Holland,  Uruguay  and  the  Republic  of  Vietnam, 
recelv»id  briefings  on  the  overall  mission  of  the  Institute  of  Surgical 
Research  and  the  care  of  the  thermally  injured  patient. 

Numerous  scientific  presentations  concerning  various  aspects  of 
thermal  Injury  were  made  by  members  of  the  Clinical  Division  at  local, 
state,  regional  and  national  meetings  as  listed  at  the  end  of  this  sect- 
ion. 

STATISTICAL  RESUME 

During  the  year  1975,  2.^5  thermally  Injured  patients  were  admitted 
to  the  Institute  of  Surgical  Research.  There  were  25^  dispositions  dur- 
ing 1975  and  the  subsequent  dat'j  will  be  based  upon  those  dispositions. 

The  patients  ranged  ih  age  from  6 weeks  to  85  years  with  208  males  and 
l»6  females.  The  average  age  of  the  patient  was  29  years  with  an  average 
burn  size  of  1*2.1^  and  a 17.9^  average  third  degree  component.  The 
average  burn  Index  was  29.7*  Out  of  25^  dispositions,  197  had  third 
degree  burns.  Forty  patients  were  less  than  15  years  of  age  with  an 
average  age  of  4,75  years.  The  average  total  burn  size  in  the  pediatric 
age  group  was  32.2%  with  a 14.2%  third  degree.  The  burn  index  In  chil- 
dren was  22.5  Of  the  40  pediatric  patients  admitted,  24  had  some  third 
degree  burn  (60%) . 

The  mortality  in  the  pediatric  age  group  was  20%.  In  the  group 
of  pediatric  burn  patients  who  died,  the  average  age  was  5-5  years  and 
the  average  burn  size  was  64.8%  with  44.6%  chird  degree  Injury.  The 
overall  mortality  for  the  year  1975  was  37%  or  94  patients  out  of  the 
254  dispositions.  Of  the  patients  expiring  73  were  male  and  21  were 
female.  The  average  age  of  the  patients  viho  died  was  31.8  years,  the 
average  total  burn  size  was  61.3%  with  32-8%  being  third  degree  Involve- 
ment, with  an  average  burn  Index -of  46.3%.  Tnere  was  a 6%  decrease  In 
raw  mortality  but  the  mortality  In  general  remains  higher  than  during 
the  period  wtien  many  patients  were  air  evacuated  from  Southeast  Asia. 

Of  the  94  patients  who  expired  8g  or  94.9%  had  some  areas  of  third  degree 
burn.  Autopsies  were  performed  In  72  patients  or  76,6%  of  all  deaths. 

The  average  post  burn  day  of  death  was  16.6  which  was  decreased  from  the 
21.4  mean  thine  to  death  In  1974  but  still  significantly  longer  than  the 
11,8  days  In  1973.  Table  1 Identifies  the  source  of  admission  of 
patients  during  calendar  year  1975*  The  majority  of  the  patients  were 
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Table  1.  Source  of  Admission,  1975 


^ /ea 

A 

AD 

AF 

AFD 

N 

ND 

VAB 

Other 

TOTAL 

1st  Army 

k 

0 

1 

0 

0 

0 

5 

4 

14 

3rd  Army 

5 

5 

3 

3 

7 

2 

7 

14 

46 

5th  Army 

18 

11 

9 

9 

7 

2 

If 

63 

135 

6th  Army 

2 

0 

1 

3 

2 

2 

5 

8 

23 

MOW 

1 

0 

0 

0 

0 

0 

0 

0 

1 

Alaska 

0 

0 

1 

0 

0 

0 

0 

1 

2 

Germany 

5 

3 

2 

0 

1 

0 

0 

0 

11 

Ecuador 

0 

n 

0 

0 

0 

0 

0 

2 

2 

Hawai i 

0 

0 

0 

0 

0 

0 

0 

1 

1 

Mexico 

0 

0 

0 

1 

0 

0 

0 

4 

5 

San  Salvador  0 

1 

0 

0 

0 

0 

0 

0 

1 

Okinawa 

1 

1 

1 

0 

1 

0 

0 

0 

l 

Korea 

1 

0 

0 

0 

0 

0 

0 

0 

1 

Costa  Rico 

0 

0 

0 

0 

0 

0 

0 

1 

1 

Panama 

0 

1 

0 

0 

0 

0 

0 

1 

2 

Honduras 

0 

0 

0 

0 

0 

0 

0 

4 

4 

Virgin  island  0 

0 

0 

0 

0 

0 

0 

1 

1 

37 

22 

18 

16 

18 

6 

33 

104 

254 

A - Army  N - Navy,  Marine  Corps  6 US  Coast  Guard 

AF  - Air  Force  VAB  - Veterans  Administration  Beneficiary 

D - Dependent 
Other:  Civilian  Emergency 

US  Public  Health  Service  Beneficiary 
Bureau  of  Employees  Compensation  Beneficiary 
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Table  2.  Bum  Etiology,  1975  - 25^  Dispositions 
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T«bl«  k.  P«r  Cent  tody  Surface  Invelvaaant  and  Hartal  tty,  1972  - 1975 


Ti*t«  S.  P«r  C«it  lum  Vnriw  lurvhMl*  l9Sf*llll 


V«ar 

Survivors  (bums 

1 

1 

No. 

Isotlis 

No. 

Cosos 

AvaroM  t 8um 

four  T 

Total  r 

1955 

20 

99.5 

28.3 

21 

51.8 

38.1 

1956 

22 

61.0 

17.3 

i< 

57.8 

17.8 

1957 

19 

38.6 

26.1 

17 

57.1 

98.8 

1958 

15 

62.3 

21.8 

23 

58.5 

95.3 

1959 

29 

63.1 

20.8 

26 

83.1 

38.1 

I960 

17 

66.2 

20.1 

30 

57.8 

37.3 

1961 

18 

66.2 

25.0 

S? 

58.0 

39.7 

1962 

18 

62.7 

21.6 

56 

55.1 

68.2 

1963 

28 

65.8 

19.8 

57 

89.9 

61.0 

1966 

60 

61 .8 

16.8 

37 

85.0 

62.6 

1965 

67 

63.8 

21.0 

33 

88.0 

33.6 

1966 

68 

61.5 

16.9 

59 

99.9 

31.3 

1967 

103 

62.7 

13.3 

51 

59.9 

32.3 

1968 

163 

66.2 

12.8 

38 

56.8 

26.8 

1969 

113 

63.2 

11.1 

70 

58.7 

28.6 

1970 

92 

39.6 

10.7 

70 

51.9 

32.8 

1971 

63 

61.9 

16.0 

68 

60.8 

38.0 

1972 

62 

62.0 

17.2 

103 

58.7 

35.9 

1973 

67 

63.7 

19.8 

113 

60.3 

96.2 

1976 

55 

63.9 

12.2 

97 

80.8 

35.^ 

1975 

80 

66.1 

16.7 

96 

61.3 

32.8 

from  the  Continental  United  States.  Table  2 summarizes  the  burn  etiology 
in  1975.  Table  3 summarizes  the  effect  of  age  and  total  body  surface 
burn  on  mortality. 

Table  k lists  tjhe  mortality  rates  in  increments  of  10^  total  body 
surface  from  the  year  1971  through  1975.  Table  5 presents  the  survival 
and  mortality  rate  of  patients  with  greater  than  30^  body  surface  burns 
in  the  calendar  years  1955“1975-  it  should  be  noted  that  there  are  no 
marked  changes.  Table  6 shows  a comparison  of  burn  mortality  in  the  pre- 
topical  antimicrobial  years  1962-1963  with  the  cummulative  index  since 
1965  when  Sulfamylon  and  later  silver  sulfadiazine  have  been  used.  As 
previously  reported  the  improvement  ts  primarily  in  that  group  of  burp 
patients  whose  injury  is  30~60^  with  little  or  no  change  in  those 
patients  with  greater  than  60%  burn  injury. 

The  average  hospital  stay  In  1975  was  49.8  days.  When  convalescent 
leave  for  active  duty  military  personnel  was  excluded  the  average  hos- 
pital stay  was  42  days.  The  average  post  burn  day  of  admission  to  the 
Instl^-jte  of  Surgical  Research  was  2.9.  This  figure  reflects  the  decrease 
In  the  average  post  burn  day  of  admission  from  11.2  days  in  1570  to  9 
days  in  1971  and  7 days  in  1972  and  5 days  in  1973»  and  was  the  same  as 
the  2.8  days  in  1974.  The  decrease  In  the  average  admission  time  Is 
because  the  pat'ent  population  originates  in  the  Continental  United  States 
and  also  reflects  the  rapid  aeroraedlcal  evacuation  currently  practice J 
at  the  Institute  of  Surgical  Research. 

During  the  year  1975  1,201  operations  were  performed  on  211  patients, 
or  an  average  of  approximately  5 operations  per  patient.  Four  hundred  and 
ninety  anesthetics  v're  performed  on  142  patients  or  three  anesthetics  per 
patient  participating.  The  total  of  67O  ward  procedures  were  performed. 
Three  hundred  and  thirty-one  autograftlng  procedures  were  carried  out  on 
114  patients  or  approximately  2 1/2  procedures  per  patient.  Thirty-one 
patients  had  76  applications  of  allograft  for  an  average  of  approximately 
2.2  appl ' cations  per  patient  participating. 

Pot  cine  cutaneous  xenograft  was  applied  to  17  patients  28  times  or 
an  average  of  1 1/2  times  per  patient.  There  was  a marked  decrease  In 
the  use  rtf  porcine  cutaneous  xenograft  during  1975.  Evaluation  of  this 
material  on  wounds  ready  to  accept  autograft  and  wounds  not  clean  enough 
to  autograft  revealed  that  it  is  clearly  inferior  to  cutaneous  allograft. 
Cadaver  allogrjft  was  aseptically  harvested  from  60  cadavers,' an  Increase 
from  vhe  33  in  ’974.  Escharotomies  were  performed  on  80  patients  or 
31.5%  of  all  dispositions.  Twenty-five  patients  required  major  amputa- 
tions usually  for  treatment  of  severe  electric  injury:  Tracheostomy  was 
performed  in  16  patients  or  6.3?  of  all  dispositions.  This  is  marked 
diminution  from  the  16.4^  in  1974.  This  probably  reflects  both  the 
decrease  in  number  of  early  pulmonary  complications  and  a tendency  to 
leave  endotracheal  tubes  in  place  for  longer  periods. 

One  hundred  and  ninety-two  patients  or  75-6?  of  all  dispositions 
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had  at  least  one  blood  culture  drawn  during  their  hospitalization  and 
115  patients  had  one  or  more  positive  blood  cultures.  For  further 
information  of  the  bacteriologic  data  the  reader  is  referred  to  the 
succeeding  chapters.  Suppurative  thrombophlebitis  occurred  in  8 patients 
or  3%  of  all  dispositions.  In  keeping  with  the  high  index  of  suspicion 
of  suppurative  thrombophlebitis,  35  "cutdown"  sites  were  explored.  An 
Important  aspect  of  burn  therapy  is  monitoring  the  flora  of  the  burn 
wound  and  this  was  done  with  frequent  wound  biopsies.  Eighty-four 
patients  or  33%  of  all  dispositions  in  1975  had  at  least  one  burn  wound 
biopsy  performed. 

A total  of  7^0,885  cc  of  blood  were  administered  to  16A  patients  or 
64.6%  cf  all  dispositions.  An  average  of  4,518  cc  of  blood  w«sre  given 
to  each  of  the  164  patients.  Thirteen  patients  or  5.1%  of  all  disposi- 
tions had  a major  fracture  upon  admission.  Two  patients  were  also  ad- 
mitted with  hip  dislocations  and  two  with  traumatical ly  open  knee  joints. 
The  aforementioned  25  major  amputations  were  all  related  to  electrical 
Injuries  with  the  exception  of  two  patients. 

There  were  frequent  ophthalmologic  injuries  In  the  254  dispositions 
In  1975  which  Included  corneal  burns,  corneal  abrasions,  corneal  lacer- 
ations but  mainly  thermal  injuries  to  the  lids.  Significant  long  term 
sequelae  of  eyelid  burns  occurred  in  the  form  of  all  degrees  of  ectropion. 
Of  the  surviving  patients  in  1975  there  was  only  one  with  permanent 
visual  impairment,  that  occurring  secondary  to  a corneal  scar  from  a deep 
corneal  burn.  Again  In  1975  chondritis  in  the  thermally  injured  ear  has 
been  a major  problem.  In  1975  27  patients  or  10.6%  of  ail  dispositions 
had  chondritis.  This  is  double  the  incidence  in  1974  and  continues  to 
underline  our  failure  in  understanding  this  process.  The  current  treat- 
ment has  emphasized  keeping  pressure  off  cr  burned  ears  and  keeping  them 
covered  with  a topical  antimicrobial  agent,  however  a good  portion  of 
the  chondritis  seems  to  be  unresponsive  to  these  procedures. 

Gastrointestinal  complications  played  a lesser  role  in  1975. 

Although  some  Gl  bleeding  was  noted  in  60  patients,  the  bulk  of  these 
had  only  guaiac  positive  stools  and  frank  ulceration  was  diagnosed  in 
only  33  patients  or  12.9%  of  all  dispositions,  the  majority  of  these 
were  diagnosed  at  post  mortem  examination  and  many  were  conslclr-ed  to  be 
terminal  changes.  There  was  only  one  Gl  bleed  severe  enough  to  require 
surgery  during  1975  but  there  were  three  ulcer  perforations,  all  occur- 
ring as  terminal  events.  This  lack  of  significant  Gl  complications  may 
well  reflect  the  effectiveness  of  prophylactic  antacid  neutralization 
of  gastr'ic  acid  In  all  early  post  burn  patients.  Superior  mesenteric 
a>»jry  syndrome  was  diagnosed  radiographically  In  three  patients;  all 
were  managed  conservatively  and  had  favorable  outcomes.  This  stands  in 
contrast  to  1974  when  three  were  diagnosed,  and  two  were  operated  upon 
with  unfavorable  outcomes,  it  would  seem  from  this  small  jeries  that  a 
vigorous  trial  at  conservative  therapy  Is  Indicated  prior  to  operative 
intervention.  The  only  other  significant  Gl  complication  occurred  in  a 
patient  with  idiopathic  atony  of  the  right  colon  which  eventually  reach- 
ed 16  centimeters  In  diameter  and  required  a cecostomy  for  decompression. 
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Major  renal  complications  in  our- burn  population  occurred  in  k3 
patients  or  17^  of  all  dispositions.  This  was  usually  a terminal  event 
often  related  to  sepsis  expressed  as  some  degree  of  renal  failure.  In 
fact  the  bulk  of  the  renal  problems  in  the  burn  patients  appear  to  be 
secondary  to  sepsis.  Hemodialysis  was  carried  out  in  nine  patients  with 
no  survivors. 

Cardiac  complications  continued  to  play  a significant  role  in  burn 
patient  morbidity  and  mortality.  Again  as  in  I97A  nine  patients  sustain- 
ed acute  myocardial  infarction  and  again  all  succumfid  from  the  Insult. 

As  in  197^  there  have  been  several  episodes  of  acute  bacterial  endocardi- 
tis with  staph  aureus  coagulase  positive  being  the  causative  organism. 

Four  cases  of  endocarditis  were  diagnosed  in  1975  as  compared  to  five  in 
1974  however  there  were  multiple  patients  that  had  blood  cultures  posi- 
tive for  Staphylococci  which  clea**ed  on  therapy  In  whom  the  source  of 
bacteria  remained  undefined.  This  lesser  incidence  of  staphylococcal 
endocarditis  may  reflect  the  increased  awareness  of  the  lethal  potential 
of  Staphylococcal  septicemia  In  the  burn  patient  and  the  beneficial 
effect  of  starting  antibiotic  therapy  with  the  first  positive  culture. 

Pulmonary  problems  continued  to  be  a significant  cause  of  morbidity 
and  mortality  in  1975  as  they  have  In  the  past.  However,  early  pulmonary 
problens  appear  to  have  decreased  in  frequency  except  for  those  of  inhal- 
ation jpiury.  There  were  60  patients  with  Inhalation  injuries  document- 
ed on  ^'Xenon  lung  scan  and  bronchoscopy  or  an  Incidence  of  23.6^  of  all 
dispositions.  It  is  again  apparent  that  inhalation  injury  significantly 
increases  the  mortality  in  patients  with  30  to  65%  burns  and  has  little 
if  any  effect  on  the  mortality  of  pat'ents  with  burns  of  more  than  65^. 

SUMMARY 

During  1975  patients  were  admitted  to  the  U.S.  Army  Institute 

of  Surgical  Research  and  25^  dispositions  were  made.  Silver  sulfadiazine 
was  continued  as  the  initial  burn  therapy  however,  it  appears  to  be  sort- 
ing out  a more  resistant  Klebsiella  as  documented  by  earlier  time  of 
positive  blood  culture,  earlier  onset  of  sepsis  and  earlier  time  to  death. 
Again  there*  were  fewer  significant  pulmonary  complications  and  the  patients 
had  a .much  more  benign  early  post  burn  course.  Infection  continues  to 
be  the  most  common  cau  e of  mortality  in  the  thermally  injured  patient. 
Clinical  research,  efforts  are  orienteci  towards  evaluation  and  control 
of  the  septic  process  with  ongoing  research  on  the  efficacy  of  various 
topical  agents,  the  role  of  hydrothercJpy  in  the  management  of  burn  wounds, 
the  use  of  systemic  antibiotics,  imr>)unosuppresston  with  excision  and 
allografting  in  massive  burns  and  other  means  to  improve  the  survival 
of  the  burned  soldier. 
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62  0 15  Septicemia,  Staphylococcal 

61.5  56  38  Staphylococcal  sepsis  secondary  to  acute  bacterial  endocarditis 


49.5  45-5  to  Art«rlMct«rotic  hear*.  dlvMsa  Mnlfestad  by  acuta  nyocardlal  Infarct 
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PRESENTATIONS 


Long  JM  ttt;  Treatment  of  Burns,  Residents  School  of  Aerospace 
Med,  Brooks  AFB  TX  7 Jan  75. 

Agee  RN:  Modern  Burn  Therapy.  Medical  Aspects  of  Advanced  Warfare 

Course,  USAF  Sch  of  Aerospace  Med,  Brooks  AFB,  TX  1 4 Jan  75. 

Erickson  DR:  The  Dying  Patient.  Christian  Medical  Society  of  San 

Antonio,  San  Antonio,  TX  |l»  Jan  75. 

Slade  CL:  Treatment  of  Burns.  Off  Basic  Course,  Academy  of  Health 

Sciences,  Fort  Sam  Houston,  TX  |l»  Jan  75. 

Wilmore  DW:  Thermogenesis  Following  Thermal  Injury.  Workshop  on 

Thermogenesis.  University  of  Washington,  Seattle,  WA  17  Jan  75. 

Berry  DM:  Nursing  Research  In  the  U.S.  Army.  ANC  Officers,  BAMC 

Fort  Sam  Houston,  TX  20  Jan  75. 

Peterson  HD:  Recent  Advances  In  Burn  Therapy.  San  Antonio  Society 

of  Insurance  Underwriter*.,  San  Antonio,  TX  20  Jan  75. 

The  following  presentations  were  made  to  the  Physical  Therapy  stu- 
dents Academy  of  Health  Sciences,  Fort  Sam  Houston,  TX  27  Jan  IS’ 

Michael  MG:  Nursing  Care  of  Burned  Patients 

Long  JM  III:  Current  Therapy  of  Burns 

Fuller  P;  Introduction  to  Current  Concepts  of  Burn  Nursing 

Jesse  NF : Physical  Therapy  for  the  Burn  Patient 

Shaw  AL:  Occupational  Therapy  for  the  Burn  Patient 

Long  JM  III:  Principles  of  Intravenous  Hyperalimentation.  Eastern 

Virginia  Society  of  Hospital  Pharmacists  and  Norfolk  area  nurses. 
Norfolk,  VA  29  Jan  75. 

Long  JM  ill:  Comparison  of  Carbohydrate  and  Fat  as  Caloric  Sources 

for  Total  Intravenous  Feeding.  South  Texas  Chapter  of  the  American 
College  of  Surgeons  mtg,  Galveston,  TX  31  Jan  75. 

Agee  RN.  Classification  of  Burns.  Students  Intensive  Care  Nursing 
Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  3 Feb  75. 

Taylor  JW:  Burn  Wound  Therapy.  Students  Intensive  Care  Nursing 

Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  5 Feb  75. 

Erickson  DR:  Complications  of  Burns.  Students  Intensive  Care  Nur- 

sing Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  6 Feb  75. 

The  following  presentations  were  given  at  the  tnservice  Program  for 
the  Brooke  Army  Medical  Center  Nursing  Service  on  5 and  13  Feb  75: 

Berry  DM:  Nursing  Research 
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MicKael  MQ:  Current  Concepts  of  Burn- NursTng 

Podgornoff  WC;  (ntermedfate  and  Convalescent  Care 
Zuber  D;  Care  During  the  Acute  State  of  Injury 

Long  JM  l!(;  Hyperalimentation.  Students  Intemslve  Care  Nursing 
Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  12  Feb  75. 

Fuller  P:  Current  Concepts  of  Burn  Nursing.  Students  intensive 

Care  Nursing  Course,  Brooke  Army  Helical  Center,  Fort  Sam  Houston,  TX 
13  Feb  75. 

Wilmore  DW:  Applied  Science  in  the  Care  of  Critically  111  Patients. 

Engineer  Conference  for  Texas  High  School,  Seniors,  Unlv  of  Texas,  Austin, 
TX  14  Feb  75. 

Long  JM  III:  Burn  Injury:  A Challenge* to  Patient,  Doctor  and 

Community.  North  Austin  Rotary  Club.  Austin,  TX  17  Feb  75. 

Wilmore  DW:  Use  of  Intravenous  Fat  Emulsions.  San  Antonio  Surg- 

ical Society,  San  Antonio,  TX  18  Feb  75. 

Long  JM  111:  l)  Clinical  Aspects  of  Intravenous  Hyperalimentation. 

Loma  Linda  area  Pharmacists,  Nurses  and  Physicians.  2)  What's  New  In 
Burn  Therapy.  Surgical  Grand  Rounds.  Loma  Linda  University.  3)  Problems 
in  the  Care  of  Burned  Patients,  Nurses  of  the  Intensive  Care  Unit  and 
Burn  Unit.  Loma  Linda,  CA  19  Feb  75. 

Long  JM  III:  Clinical  Aspects  of  Intravenous  Hyperalimentation. 

Inservice  seminar,  Santa  Rosa  Medical  Center,  San  Antonio,  TX  21  Feb  75. 

Taylor  JW:  Treatment  of  Burns 

Podgorr.iff  WC : Nursing  Care  of  Burns.  Nursing  students  San  Antonio 

College,  San  Antonio,  TX  25  Feb  75. 

Wilmore  DW:  Uses  and  Abuses  of  Parenteral  Nutrition.  Columbia 

Unlv,  NY  7 Mar  75. 

The  following  presentations  were  given  to  the  Overseas  Industry 
Research  Center  Study  Group  on  10  Mar  57: 

Pruitt  BA  Jr  and  Welch  GW:  Early  Care  of  the  Burn  Patient,  Includ- 

ing Fluid  Resuscitation 

Peterson  HD:  Wound  Care  - Topical  Therapy 

Levine  NS:  Wound  Care  - Excision 

Taylor  JW:  Wound  Care  - Wound  Closure 

Long  JM  HI;  Metabolic  Consequences  of  Thermal  Injury  and  Nutrition 
of  the  Burn  Patient 

Petroff  PA  and  Hander  Etf;  Pulmonary  Changes  Following  Thermal  Injury 
Czaja  AJ ; Gastrointestinal  Complications  of  Thermal  Injury 
Merrill  RH  and  Myers  WD:  Renal  Changes  Follaving  Thermal  Injury 

Andes  WA:  Hematologic  Changes  Following  Thermal  Injury 

Rizzo  TA  Jr:  The  Burn  Autopsy  and  Burn  Wound  Biopsies 
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Htchael  MG;  Orientatton  to  the  Nursing  Care  of  the  Burned  Patient. 
156th  Aeromedtcal  Evac  Fit,  NC  Air  National  Guard,  Charlotte,  NC  12  Mar 
75. 

Long  JM  lU;  Clinical  Aspects  of  Intravenous  Hyperalimentation. 

South  Mltnols  Soc  of  Hosp  Pharmacists  and  Champa tgn’-Urbana  area  nurses. 
Champaign,  IL  U Mar  75 > 

Vfllmore  Dtf;  Metabolism  Following  Injury.  Unlv  of  Michigan  Sch  of 
Med,  Ann  Arbor,  Ml  14  Mar  75. 

Taylor  JW;  Burns.  Boy  Scouts  of  America.  San  Antonio,  TX  17  Mar  75. 

The  following  presentations  were  made  at  the  American  Burn  Assn 
Anl  mtg  In  Denver  CO  20-22  Mar  75: 

Levine  NS:  Limitations  In  Applying  Tangential  Excision  to  Large 

Burns 

Taylor  JU:  Scalp  as  a Donor  Site 

Czaja  AJ:  Acute  Liver  Disease  and  Cholestatic  Jaundice  After  Cutane- 
ous Thermal  Injury. 

HcAlhany  JC ; Perforated  Curling's  Ulcer:  Incidence,  Diagnosis  and 

Therapy 

Agee  RN;  Xenon'33  Lung  Scan  for  Early  Diagnosis  of  Inhalation 
Injury 

Ullmore  DW:  Attempts  to  Modify  the  CNS  Directed  Stress  Response  to 
Thermal  Injury 

Petroff  PA;  Ventilatory  Patterns  Following  Burn  Injury  and  Effect 
of  Sulfamylon 

Long  JM  Mi:  Effect  of  Carbohydrate  and  Fat  Intake  on  Nitrogen 

Excretion  During  Total  Intravenous  Feeding 
Michael  MG;  Inservlce  In  a Folder 

Baskin  TV:  Acute  Bacterial  Endocarditis  A Silent  Source  of  Sepsis 
In  the  Burn  Patient 

Vil  more  DW:  Use  of  Nutrition  and  Environmental  Control  for  Burn 

Patients. 

Wtlmore  DW;  Recent  Care  of  the  Thermally  Injured.  R.N.  Club,  Fort 
Sam  Houston,  TX  I8  Mar  75. 

Long  JM  III:  Problems  and  Potentials  of  Intravenous  Therapy. 

Illinois  State  Soc  of  Hospital  Pharmacists,  Chicago,  IL  27  Mar  75. 

Long  JM  lit;  1)  Clinical  Use  of  Total  Intravenous  Feeding  and, 

2)  Team  Approach  to  IV  Hyperalimentation.  Physicians,  Nurses,  and 
Pharmacists.  Clearwater,  FL  1 Apr  75 

Wtlmore  DW;  Metabolism  and  Nutrition  In  the  Septic  Patient. 

Wayne  State  University,  Detroit,  Ml  5 Apr  75. 

Long  JM  lit;  Iul  ;‘<enous  Hyperalimentation.  Louisiana  Soc  of  Hosp 
Pharmacists  and  nurses.  New  Orleans  LA  4 Apr  75* 
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Peterson  HD;  Burn  Comp U cations.  Nursing  Inservice  Program.  BAMC 
Fort  Sam  Houston,  TX  29  Apr  75* 

Peterson  HD;  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 
of  Health  Sciences  Physician’s  Assistant  Program  students,  USA  ISR,  BAMC, 
Fort  Sam  Houston,  TX *30  Apr  75* 

Long  JM  III:  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 

of  Health  Sciences  Physician's  Assistant  Program  students,  USA  tSR,  BAMC, 
Fort  Sam  Houston,  TX  2 May  75. 

Long  JM  Ml:  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 

of  Health  Sciences  Physician's  Assistant  Program  students,  USA  ISR,  BAMC, 
Fort  Sam  Houston,  TX  5 May  75* 

Long  JM  III:  Intravenous  Hyperalimentation.  Gastroenterology 

Service,  BAMC,  Fort  Sam  Houston,  TX  12  May  75. 

Long  JM  Ml:  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 

of  Health  Sciences  Physician's  Assistant  Program  students,  USA  ISR,  BAMC, 
Fort  Sam  Houston,  TX  16  May  75. 

Long  JM  III:  Intravenous  Hyperalimentation.  Central  Yexas> Society 

of  Hospital  Pharmacists,  San  Antonio,  TX  20  May  75- 

Wtlmore  DW:  I)  The  Role  of  the  Central  Nervous  System  Following 

Injury;  2)  Catecholamines:  Mediator  of  the  Hypermetabol Ic  Response 
Following  Injury;  3)  Nutritional  Support  In  Injured  Patients.  Inter- 
national School  of  Medical  Science,  Erlce,  Italy  19-28  May  75. 

Long  JM  III:  What's  New  In  Burn  Therapy.  Staff  of  Harrisburg  Poly- 

clinic Hospital,  Harrisburg,  PA  Jun  75. 

Long  JM  1 1 1 : Use  of  IV  Fat  Emulsion  in  Burns  and  Trauma.  AMA  Sym- 

posium on  Intravenous  Fat  Emulsions.  Chicago,  IL  6 Jun  75. 

Wllmore  DW:  Essential  Fatty  Acid  Deficiency  In  Burn  Patients.  AMA 

Symposium  of  Fat  Emulsions.  Chicago,  IL  6 Jun  75. 

Long  JM  III:  Priorities  for  Care  of  Acute  Thermal  Injury.  Acadett^ 

of  Health  Sciences  Physician's  Assistant  Program  students,  USA  ISR,  BAMC, 
Fort  Sam  Houston,  TX  10  Jun  75. 

Long  JM  Ml:  Practical  Aspects  of  Total  Intravenous  Feeding.  IV 

Therapy  Seminar  at  the  University  of  Indiana  Medical  Center,  Indianapolis, 
IN  11  Jun  75. 

Peterson  HD;  Current  Therapy  In  Burns.  Regional  Meeting  of  San 
Antonio  Society  of  insurance  Underwriters.  San  Antonio,  TX  13  Jun  75. 
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UHinore  DVf:  Netabol tsm  Fol lowtng  Therroal  Injury,  Untv  of  Virginia, 
Richmond,  VA  13  Jun  75- 

Long  JM  III:  Priorities  for  Care  of  Acute  Thermal  injury.  Academy 
of  Health  Sciences  Physician *s  Assistant  Program  students,  USA  ISR,  BAHC, 
Fort  Sam  Houston,  TX  17  Jun  75. 

Long  JM  Ills  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 
of  Health  Sciences  Physician's  Assistant  Program  students,  USA  tSR,  BAMC, 
Fort  Sam  Houston,  TX  2k  Jun  75. 

Long  JM  til:  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 

of  Health  Sciences  Physician's  Assistant  Program  students,  USA  ISR,  BAMC, 
Fort  Sam  Houston,  TX  1 Jul  75. 

Rosenthal  A;  Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 
Health  Sciences,  Fort  Sam  Houston,  TX  21  Jul  75. 

Rosenthal  A;  Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 
Health  Sciences,  Fort  Sam  Houston,  TX  k Aug  75. 

Peterson  HD:  Plastic  Surgery  In  the  Military.  Senior  Army  Chaplains 

BAMC  CPE  Chaplains  Course,  Fort  Sam  Houston,  TX  7 Aug  75. 

Slade  CL:  Classification  of  Burns  Initial  Care.  Students  Inten- 
sive Care  Nursing  Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston, 

TX  12  Aug  75. 

Slade  CL:  Burn  Wound  Therapy.  Students  Intensive  Care  Nursing 

Course,  BAMC,  Fort  Sam  Houston,  TX  l4  Aug  75. 

nosenthal  A:  Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 

Health  Sciences,  Fort  Sam  Houston,  TX  18  Aug  75. 

Erickson  D;  Complications  of  Burns.  Students  Intensive  Care  Nur- 
sing Course,  BAMC,  Fort  Sam  Houston,  TX  19  Aug  75. 

Slade  CL:  Hyperalimentation  Therapy.  Students  Intensive  Care  Nurs- 

ing Course,  BAMC,  Fort  Sam  Houston,  TX  21  Aug  75. 

Hayv^ard  C:  Nursing  Care  of  the  Burn  Patient.  Students  Intensive 

Care  Nursing, Course,  BAMC,  Fort  Sam  Houston,  TX  26  Aug  75. 

Peterson  HD;  Burns  In  the  Multiple  Trauma  Patient.  Sixth  Internat- 
ional Congress  of  Plastic  and  Reconstructive  Surgery,  Paris  France.  26 
Aug  75. 

Pruitt  BA  Jr;  Early  Care  of  the  Extensively  Burned  Patient. 

•jeneral  Surgery  staff,  residents.  Interns,  Wtlford  Hall  Med  Ctr,  Lackland 
AFB,  TX  29  Aug  75. 
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Pruitt  BA  Jr;  Gram-Negattvc  Infections*  tn  the  Burn  Patient. 
Symposium  on  Gram-Negative  infccttons,  Baylor  College  of  Medicine, 
Houston,  TX  3Q“31  Aug  75- 

Rosenthal  A:  Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 
Health  Sciences,  Fort  Sam  Houston,  TX  k Sep  75. 

Pruitt  BA  Jr:  The  Early  Treatment  and  Complications  of  Burn  Injury 
in  Aged  and  Other  High  Risk  Patients.  Stanford  Univ  Sch  of  Med,  Stanford 
CA  It  Sep  75. 

Peterson  HD;  Burn  Assessment  and  Management.  Interns  Brooke  Army 
Medical  Center,  Fort  Sam  Houston,  TX  8 Sep  75 

Wilmore  DW:  The  Neurohumorel  Control  of  the  Post-traumatic  Changes. 

European  Injury  Meeting,  Glasgow,  Scotland  12  Sep  75. 

Rosenthal  A:  Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 
Health  Sciences,  Fort  Sam  Houston,  TX  22  Sep  75. 

The  following  presentations  were  made  to  the  student  nurses  of  San 
Antonio  College  on  23  Sep  75; 

Rosenthal  A:  The  Treatment  of  Burns 

Taylor  0:  Nursing  Care  of  the  Burn  Patient 

Pruitt  BA' Jr:  Discusser  for  three  paper.;:  1)  Sepsis — Prevention 
and  Managemcr.t;  2)  Respiratory  and  Gastrointestinal  Complications;  3) 

The  Future  for  Burn  Care.  American  Burn  Assn  mtg,  Kansas  City,  MO 
25-27  Sep  75. 

The  follcwing  presentations  were  made  and  ilieetings  attended  by 
Pruitt  BA  Jr  In  connection  with  the  ACS  mtg  San  Francisco,  CA  12-17  Oct 
75:  1)  Mtg,  Editorial  Subcommittee  for  Manual  on  Control  of  Infections; 

2)  Mtg,  ACS  Board  of  Governors;  3)  Mtg  ACS  Executive  Committee,  Pre-and 
Postop  Care;  4)  Mtg  Surgical  Biology  Club  III;  5)  Mtg  ACS  Committee  on 
Trauma  (Publications);  6)  ABA  Board  of  Trustees  mtg;  7)  ACS  Pre  and  Post- 
op Care  Committee  Mtg;  8)  Mtg  US  Chap  Internatl  Soc  of  Surgery;  9)  Panel 
Postgraduate  Course  No.  13  "Management  of  Facial  Injury"  presentation: 

The  Acutely  Burned  Face;  lO)  ABA  Ad  Hoc  Comm  on  Standards;  11)  Adjourned 
mtg,  ACS  Board  of  Governors. 

Wilmore  DW:  Alterations  in  Glucose  Kinetics  Following  Thermal 

Injury.  ACS  Mtg,  San  Francisco,  CA  15  Oct  75- 

Rosenthal  A:  Treatment  of  Burns.  Officers  Basic  Course,  Academy 

of  Health  Sciences,  Fort  Sam  Houston,  TX  16  Oct  75. 

Peterson  HD;  Prospective  Comparison  Culfamylon  and  Silver  Sulfa- 
diazine. American  Soc  of  Plastic  and  Reconstructive  Surgeons,  Inc., 
Toronto,  Canada  21  Oct  75. 


Wilnwre  DW:  Parenteral  Nutrition  in  Burn  Patients.  Massachusetts 

General  Hospital,  Boston,  MA  29  Oct  75 

Peterson  HD;  Plastic  Surgery  in  the  Military,  Plastic  Surgery 
Service,  Wilford  Hall  USAF  Hospital,  Lackland  AFB  TX  30  Oct  75- 

Pruitt  BA  Jr:  Burns.  Department  of  Surgery,  Fort  Leonard  Wood 

Army  Hospital,  MO  6 Nov  75* 

Peterson  HD:  Plastic  Surgery.  Third  Annual  Institute  of  the  Assn 

of  Operating  Room  Technicians  of  San  Antonio,  TX  8 Nov  75. 

Pruitt  BA  Jr:  Burns.  Panel  Member,  Emergency  Medical  Service 

Patient  Care  Systems  Design  and  Implementation  Symposium,  Grand  Rapids, 

Ml  11-13  Nov  75. 

Pruitt  BA  Jr:  1)  Prevention  and  Treatment  of  Sepsis  in  Burn  Patients 

2)  Respiratory  and  Gastrointestinal  Complications  of  Burn  Patients;  and 

3)  Unsolved  Problems  in  Burn  Care.  ABA  Seminar,  Birmingham,  AL  14-16 
Nov  75. 

Rosenthal  A:  Treatment  of  Burns.  Officers  Basic  Course,  Academy 

of  Health  Sciences,  Fort  Sam  Houston,  TX  17  Nov  75- 

Peterson  HD:  Modern  Burn  Therapy.  Medical  Aspects  of  Advanced 

Warfare  Course,  Brooks  AFB,  TX  19  Nov  75* 

Peterson  HD:  Recent  Advances  in  Burn  Management.  General  Surgery 

Service,  University  of  Mississippi  and  Treatment  of  the  Burned  Hand, 
Plastic  Surgery  Service,  Unlv  of  Mississippi,  Jackson,  MS  21  Nov  75. 

Pruitt  BA  Jr:  Importance  of  Burn  Units,  Role  in  Education  and 

Prevention  and  Patient  Care  Dedication  of  Baptist  Medical  Center  Burn 
Center,  Oklahoma  City,  OK  22  Nov  75- 

Wllmore  DW:  Energy  and  Protein  Metabolism  in  Disease.  Ross  Con- 

ference, Amlele  Island,  FL  22  Nov  75. 

Pruitt  BA  Jr:  Opportunistic  Infection  in  Burn  Patients.  Charlotte 

Surgical  Society,  Visiting  Professor  Charlotte  Memorial  Hospital, 
Cujrlotte,  NC , 24-26  Nov  75. 

Pruitt  BA  Jr:  Burn  Wound  Care.  Surgical  Staff,  Wilford  Hall  Medi- 

cal Center,  Lackland  AFB,  TX  5 Dec  75* 

The  following  presentations  were  made  at  the  mtg  of  the  Massachu- 
setts Chapter  of  the  APTA  Workshop,  Framingham,  MA  4-6  Dec  75: 

Peterson  HD;  1)  Early  Medical  Management  of  Burn  Patients  2)  Nutri- 
tional Management.  Prevention  and  Treatment  of  infection  in  the  Burn 
Patient.  3)  Skin  Grafts  and  Wound  Coverage  for  Burn  Patients. 
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k)  Reconstructive  Surgery  and  Management  for  Burn  Patients.  5)  Inhalat-^ 
Ion  Injuries  of  Burn  Patients. 

Roberts  ML;  11  Nursing  Care  In  the  Acute  Phase.  2)  Continued  Nurs" 
Ing  Care 

Jesse  F and  Shaw* A;  Acute  Phase  of  Burn  Treatment.  2)  Long  Term 
Care  Phase  of  Burn  Patients. 

Rosenthal  A;  Burns  ^ Assessment  and  Management,  Interns  BAMC  Fort 
Sam  Houston,  TX  8 Dec  75. 

Rosenthal  A and  Taylor  D;  Management  of  Burns.  Physical  Therapy 
students,  Academy  of  Health  Sciences,  Fort  Sam  Houston,  TX  9 Dec  75. 

Pruitt  BA  Jr:  Pulmonary  Complications  of  Thermal  Injury.  Plastic 

Surgical  Symp  of  Nassau  Surgical  Soc,  New  York,  10  Dec  75. 

Pruitt  BA  Jr:  1)  Resuscitation  and  Early  Care  of  the  Severely 
Burned  Patient;  2)  Home  Remedies  and  the  History  of  Burn  Care;  3)  Wound 
Care  and  Opportunistic  Infections  In  Burn  Patients.  Visiting  Professor 
at  State  Unlv  of  New  York  at  Stony  Brook,  Stony  Brook,  NY  ll“12  Dec  75« 
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23.  (U)  Clinical  and  laboratory  investigations  pertaining  to  severe  physical  trauma 

which  has  been  sustained  by  soldiers  in  the  field. 

?4.  (U)  Planned  clinical  and  lajjoratory  studies  relating  to  acute  and  chronic  effects 

of  injury.  Studies  conducted  in  this  branch  have  included  both  clinical  investigation 
involving  patients  and  normal  individuals  and  laboratory  studies  involving  animal 
models . 

25.  (U)  75  07  - 76  09  The  Surgical  Stiidy  Branch  continued  investigations  of  the 

metabolic  response  to  thermal  injury  and  the  effects  of  physical  trauma  on  wound 
healing,  susceptibility  to  infection,  and  gastrointestinal  and  liver  function.  The 
effects  of  nutritional  support  on  posttraumatic  metabolic  response  and  o’" gar.  system 
alteration  is  also  being  evaluated.  The  metabolic  kitchen  provides  support  for  these 
investigations,  in  addition  to  preparation  of  specialized  diets  for  patients  with 
feeding  problems,  and  the  provision  of  diets  containing  known  constituents  to  be  used 
in  a wide  variety  of  metabolic  balance  studies.  In  addition,  members  of  ihe  branch 
provide  nutritional,  gastrointestinal  and  physiological  consultation  for  all  institute 
patients  and  other  individuals  outside  the  institute  v;ith  complex  gastrointestinal, 
metabolic,  nutritional  and  temperature  regulation  problems. 
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ABSTRACT 


PROJECT  NO.  3A161102B71R-01.  RESEARCH!  Itl  BIOMEDICAL  SCItNCE-SURC^RY 

REPORT  TITLE:  CLINICAL  OPERATION,  SURQICAL  STUDIp  BRANCFT  FOR 
TREATMENT  OF  INJURED  SOLDIERS. 

US  Am\y  Institute  of  Surgical  Research,  Brooke  Army  Medical  Center, 
Port  Sam  Houston,  Texas  78234 

Period  covered  in  this  report:  1 July  1975  - 30  September  1976 

Investigators:  Douglas  W.  Wilmore,  MD 

Louis  H.  Aulick,  PhD,  Major,  MSC 
John  P.  Peterson,  Captain,  AMSC 
David  H.  Dahlquist,  SP5,  EM 

Reports  Control  Symbol  MEDDH-288(R1) 


This  branch  studies  the  physiologic  alterations  which  occur  fol- 
lowing severe  injury  and  interrelates  the  changes  in  circulation, 
metabolism,  tempe*'ature  regulation,  and  hormonal  control  with  alter- 
ations in  the  wound  and  the  whole  patient.  The  design  and  construc- 
tion of  a whole  leg  plethysmograph  for  measurement  of  leg  blood  flow 
and  development  of  an  on-line  technique  for  continuous  oxygen  con- 
sumption measurement  have  been  major  technical  advances  in  support  of 
this  investigative  effort.  Branch  members  provide  consultative  ser- 
vices to  departments  of  the  Brooke  Army  Medical  Center  and  the  Uni- 
versity of  Texas  Health  Science  Center  at  San  Antonio.  Branch  mem- 
bers are  actively  engaged  in  teaching  programs  on  a local,  national, 
and  international  level. 


Surgical  study 
Surgical  physiology 
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CLINICAL  OPERATION,  SURGICAL  STUDY  BRANCH  FOR 
TREATMENT  OF  INJURED  SOLDIERS 


The  three  major  activities  of  the  Surgical  Study  Branch  are: 

1)  delivery  of  medical  and  surgical  care  to  the  thermally  injured 
soldier  admitted  to  this  •'‘nstitute;  2)  clinical  and  laboratory  re- 
search in  problems  related  to  care  and  rehabilitation  of  burn  pa- 
tients, and  application  of  this  knowledge  to  other  critically  ill 
patients*,  3)  the  education  of  medical  and  paramedical  personnel  in 
the  care  of  the  seriously  injured. 

Members  of  this  branch  round  daily  to  evaluate  the  patient 
problems  in  the  Clinical  Division  of  the  US  Army  Institute  of  Sur- 
gical Research.  The  branch  chief  serves  as  coordinator  of  all 
clinical  research,  and  all  branch  members  provide  consultative  ser- 
vice and  care  in  the  areas  of  post-traumatic  metabolism  and  nutri- 
tion, energy  balance,  gastrointestinal  and  hepatic  dysfunction, 
peripheral  circulation,  and  temperature  regulation.  Branch  members 
provide  consultative  services  for  General  Surgical,  Medical,  Endo- 
crinology, Obstetrics  and  Gynecology,  Gastroenterology,  Pediatrics, 
and  Dermatology  Services  at  the  Brooke  Army  Medical  Center  and  the 
University  of  Texas  Health  Sciences  Center  at  San  Antonio.  Tech- 
niques and  modalities  developed  in  this  unit  are  currently  applied 
to  the  care  delivered  to  seriously  injured  patients  who  remain  hos- 
pitalized until  all  wounds  are  healed. 

Clinical  and  laboratory  research  in  this  division  mav  be  placed 
in  the  following  categories:  1)  temperature  regulation;  2)  post- 
traumatic  metabolism;  3)  energy  balance;  4)  iiutritional  support  of 
critically  ill  soldiers;  5)  relationship  between  peripheral  circu- 
lation and  substrate  flow  to  the  burn  wound;  6)  description  of  hepatic 
dysfunction  which  occurs  following  injury,  with  specific  emphasis  on 
the  interrelation  between  hepatic  glucose  production,  splanchnic 
blood  flow,  and  energy  production  of  the  bum  patient.  Two  technical 
developments  have  aided  in  these  areas:  1)  construction  of  a whole 
leg  pi ethysmograph , and  2)  development  of  an  on-line  continuous 
measurement  system  for  total  body  oxygen  consumption  (by  Mr.  Edwin  W. 
Hander}.  In  addition,  the  development  of  a hypermetabolic  animal 
model  by  Dr.  David  Herndon  has  greatly  broadened  the  scope  of  physio- 
logical and  nutritional  studies  which  can  be  accomplished. 
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Br«nch  nwnbers  pjirttclpaite  actively  In  teaching  activities  of 
this  unit,  the  Bmke  Aray  Medical  Center,  and  are  af^llated  on  the 
staff  of  the  Medical  School  of  the  University  of  Texas  at  San  Antonio. 
In  addition,  hranch  members  have  actively  participated  In  local  , 
national,  and  International  meetings  to  present  and  discuss  their 
research 'findings  and  Increase  the  scientific  Interchange  In  these 
areas  of  study. 


PUBLICATIONS  AND/OR  PRESENTATIONS: 

See  report  of  Clinical  Division,  USAISR 
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James  K.  Sims,  HD,  Major,  MC 
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In  the  period  covered  In  this  report,  ^90  anesthetics  were 
administered  to  1A2  patients,  an  average  of  3>^5  anesthetics  per 
patient.  Although  most  patients  received  only  two  or  three  anes" 
thetlcs,  several  received  over  10  anesthetics. 

The  most  commonly  used  anesthetic  was  ketamine  followed  by 
nitrous  oxide  and  ethrane.  Regional  anesthetics  were  administered 
to  only  a small  per  cent. 

Three  cases  of  difficult  anesthetic  management  are  presented. 


Anesthesia 


38 


ANESTHESIOLOGY 


PREOPERATIVE  EVALUATION 

With  the  exception  of  patients  with  electrical  Injury,  most  bum 
patients  scheduled  for  surgery  are  several  days  to  weeks  posttnjury.. 

In  the  Immediate  postburn  period,  patients  have  the  determination  of 
electrolytes,  arterial  blood  gases,  hematocrit,  and  other  hematologic 
parameters  determined  as  Indicated.  Blood  pressure,  central  venous 
pressure  and  urine  output  are  recorded  on  art  hourly  basis.  Durirtg 
the  past  year,  adult  patients  with  a thermal  injury  greater  than  40% 
have  had  the  Swan-Ganz  thermal  dilution  flow  directed  pulmonary  artery 
catheter  Inserted,  allowing  frequent  determination  of  the  cardiac  index. 
Dally  chest  x-rays  are  also  obtained.  Hence,  all  patients  coming 
to  the  operating  room  have  abundant  physiologic  data  available  upon 
which  anesthetic  decisions  may  be  made.  In  addition,  a preoperative 
electrocardiogram  Is  obtained  in  all  electrical  injuries  to  determine 
the  possible  presence  of  myocardial  injury. 

PREOPERATIVE  PREPARATION 

All  adult  patients  are  kept  NPO  past  midnight.  Exceptions  to  this 
are  patients  with  a tracheostomy  or  nasotracheal  tube  In  place  who  may 
be  receiving  tube  feeding.  Because  the  airway  is  protected  in  these 
patients,  nutritional  support  may  be  continued  up  to  the  time  of  sur- 
gery depending  upon  the  age  and  size  of  the  patient. 

PREOPERATIVE  ASSESSMENT  AND  FLUIDS 

Premedication  varies  from  none  to  heavy  doses  of  narcotic.  The 
usual  premedication  is  a con4>1nation  of  either  demerol  or  morphine 
and  glycopy relate.  In  the  past  yen**,  intramuscular  administration 
of  diazepam  has  been  replaced  by  oral  administration.  Two  factors 
account  for  this:  1)  it  is  a painTul  injection;  2)  blood  levels  are 
nearly  the  same  for  both  routes  of  administration.  Pediatric  cases 
may  be  given  a small  dose  of  ketamine  prior  to  coming  to  the  operating 
room.  All  fluids  being  given  to  the  patient  are  changed  to  D5RL  on 
arrival  in  the  operating  room. 

TYPES  OF  ANESTHESIA 

A.  General  Anesthesia 

1.  Ketamine 


Ketamine,  a phencyclidine  derivative,  produces  a dissocia- 
tive state  upon  intravenous  administration.  It  has  two  major  ad- 
vantages. The  first  Is  maintenance  of  ventilation  during  the  anesthetic 
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state,  and  tKe  second  advantage  (s  tKe  lack  of  depression  of  tKe  cardio- 
vascular system.  Hence,  patients  with  hypotension  or  compromised 
cardiovascular  system  can  be  Induced  relatively  safely  with  ketamine. 
Although  the  airway*  Is  usually  protected,  obstruction  or  regurgitation 
and  aspiration  may  occur.  Ketamine  Is  particularly  useful  In  pro- 
cedures around  the  face  or  for  difficult  surgical  positions-.  Thirty- 
two  per  cent  of  anesthetics  given  over  the  past  year  were  ketamine. 

2.  Nitrous  oxide  with- barbiturate  or  narcotic  supplementation 

Used  approximately  2S%  of  the  time,  this  technique  allows 
for  rapid  emergence  by  reversal  of  the  narcotic  at  the  end  of  the  pro- 
cedure. Patients  to  be  Intubated  while  awake  or  ventilated  postopera- 
tively  are  often  anesthetized  using  a narcotic  for  sedative  effect. 

Host  frequently,  this  technique  is  used  in  conjunction  with  a nonde- 
polarizing muscle  relaxant.  In  the  past  year,  pancuronium  has’  been 
used  exclusively  because  of  Its  rapid  onset  and  lack  of  effect  on 
blood  pressure.  One  possible  side  effect  of  pancuronium  Is  a tachy- 
cardia following  administration  of  intubating  doses  (see  Complications). 

3.  Ha'othane  with  or  without  nitrous  oxide  in  oxygeq 

Although  previous  research  In  this  unit  has  shown  halothane 
to  be  a safe  anesthetic  in  the  thermally  injured  patient,  the  use  oT 
halothane  has  decreased  over  the  past  year.  The  main  advantage  of 
halothane  over  other  inhalational  agents  is  its  ability  to  provide  a 
rapid  Induction  with  adequate  relaxation  of  the  vocal  cords,  allowing 
easy  Intubation.  During  the  past  year,  we  evaluated  serum  bromide 
levels  In  one  patient  requiring  multiple  halothane  pnesthetics. 

Serum  bromide  levels  rose  after  every  anesthetic,  an  indication  of 
Increased  halothane  biotransfor-Tation,  In  the  past  year,  8%  of  the 
anesthetics  given  were  halothane. 

4.  Enflurane  (Ethrane*^) 

Enflurane  has  been  available  for  approximately  the  past  three 
years.  It  is  a nonflammable  fluoronated  hydrocarbon  which  Is  meta- 
bolically  stable,  less  than  2%  being  biodegraded.  Although  allowing 
rapid  induction,  it  is  not  as  smooth  an  agent  as  halothane  and  oftpnf 
relaxation  with  pancuronium  Is  needed  for  intubation.  To  this  date,  no 
substantial  cases  of  hepatotoxicity  or  nephrotoxicity  have  been  re- 
ported. In  1975,  27%  of  the  anesthetics  given  consisted  of  enflurane. 

5.  Subanesthetic  ketamine 


In  the  past  year,  the  use  of  low-dose  ketamine  has  been 
sporadic.  For  the  most  part,  debridements  have  been  done  under  general 
anesthesia  In  the  operating  room.  The  use  of  subanesthetic  ketamine 
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{s  not  wtthout  potenttol  problem  because  at  least  two  patients  have 
exper(enced  airway  difficulty  during  tbelr  procedures  in  the  Hubbard 
tank. 

B.  REQtONAL  ANESTHEStA 

Any  patient  with  a localized  lesion  who  is  not  septic  and  is  not 
burned  at  the  site  of  injection  is  a candidate  for  rerional  anesthesia. 
That  few  patients  meet  such  criteria  is  evidenced  by  a Z%  use  of 
regional  for  our  anesthetics. 

MONITORING  TECHNIQUES 

A.  CIRCUUTION 

1.  Precordial  and/or  esophageal  stethoscope. 

2.  peripheral  monitoring  of  pulse. 

3.  Blood  pressure  by  either  cuff,  Infrasonde  , or  direct  intra- 
arterial line. 

4.  Central  venous  pressure. 

5«  Swan-Ganz  catheter. 

6.  EKG. 

7.  Sponge  weight. 

8.  Urine  output. 

B.  RESPIRATION 

1 . Rate. 

2.  Auscultation. 

3.  Blood  gases  as  indicated. 

C.  TEMPERATURE 

Prolonged  cases  and  pediatric  cases  have  their  temperature  moni- 
tored during  the  procedure.  Room  temperature  Is  maintained  at  75-80 
degrees  Fahrenheit,  and  the  K-thermla  heating  blanket  Is  reserved 
either  for  Infants  weighing  less  than  10  kg  or  to  cool  febrile  pa- 
tients. Heat  lamps  are  also  utilized  to  warm  the  patients  when  needed. 
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COMPLICATIONS 


Case  No.  1 


Tachycardia  following  pancuronium  admtni.stration 

This  23  year  old  patient  sustained  a 45i  tKermal  tnjury  follow- 
ing a Jeep  accident.  The  areas  of  injury  included  the  head,  buttocks, 
arms,  hands,  thighs,  and  legs.  Eight  days  following  injury,  he  was 
taken  to  the  operating  room  for  excision  of  the  eschar  of  his  right 
leg.  He  was  Induced  with  pentothai  and  given  8 mg  pancuronium  for 
intubation.  Shortly  after  intubation,  che  patient's  heart  rate  was 
noted  to  be  200  beats  per  minute.  The  operating  room  monitor  did  not 
demonstrate  P waves,  and,  consequently,  a Hewlett-Packard  EKG  machine 
was  brought  to  the  operating  room  In  an  attempt  to  make  a diagnosis. 

It  was  felt  at  this  time  that  PAT  was  the  probable  diagnosis,  and  at- 
tempts were  made  to  obtain  a normal  rhythm  by  carotid  massage.  This 
was  unsuccessful.  Because  pancuronium  is  occasionally  associated  with 
tachycardias,  it  was  decided  to  attempt  conversion  by  reversing  the 
muscle  relaxant  with  edriphonlum.  Ten  milligrams  of  edri phoni urn  were 
given  with  reversion  to  a normal  sinus  tachycardia  with  a rate  of  110 
beats  per  minute.  Plans  for  surgery  were  cancelled,  and  the  patient 
returned  to  Ward  14A.  During  the  next  several  days,  the  patient  con- 
tinued to  have  episodes  of  PAT  and  eventually  he  was  placed  on  digoxtn, 
propranolol,  and  qulnldine.  This  resulted  in  control  of  his  cardiac 
rhythm.  These  medications  were  continued  until  discharge,  at  which 
time  the  qulnldine  and  propranolol  were  discontinued. 

Commen  t 


Pancuronium  is  a nondepolarizing  muscle  relaxant  with  a steroidal 
nucleus,  it  is  rapid  in  onset,  although  not  as  rapid  as  succlnyl- 
chollne,  with  a duration  of  about  20  minutes.  It  has  been  noted  to 
have  anticholinergic  properties  and  tachyarrhythmias  have  been  associ- 
ated with  its  use.  Although  the  arrhythmia  recurred  and  required 
propranolol,  qulnldine,  and  digoxin  for  eventual  control,  pancuronium 
appears  to  have  been  instrumental  in  initiating  PAT  in  this  patient. 
Subsequent  surgical  procedures  were  uneventful. 

Case  No.  2 


Hypotension  secondary  to  bowel  necrosis 

This  patient  was  a 21  year  old  male  who  suffered  a 30^  thermal 
injury  following  an  automobile  accident.  At  the  time  of  his  arrival  In 
this  unit,  he  had  had  a left  helow-knee  amputation,  the  neurovascular 
bundle  in  his  left  axilla  was  exposed,  end  he  had  subcutaneous  crepi- 
tation, His  initial  therapy  progressed  well,  but  then  he  developed  a 
myocardiopathy  and  congestive  failure. 
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On  the  119th  hospital  day,  the  patient  suddenly  became  cyanotic, 
hypotensive,  and  actdotic.  Abdominal  x-rays  were  consistent  with 
visceral  perforation,  and  the  patient  was  taken  to  the  operating  room 
for  exploratory  laparotomy.  The  patient  was  Induced  and  maintained 
with  ketamine.  His  blood  pressure  required  continuous  support  with 
a dopamine  Infusion.  No  urine  output  was,  obtained  during  surgery. 

At  the  end  of  the  procedure,  the  patient  was  returned  to  Ward  14A, 
where  he  expired  shortly  thereafter.  Jhe  operative  procedure  consisted 
of  right  hemicolectomy,  terminal  ileoectomy,  transverse  colostomy,  and 
terminal  ileostomy,  these  were  done  to  resect  necrotic  large  bowel. 

Comment 


Most  patients  would  tolerate  a surgical  procedure  of  this  magni- 
tude better  than  this  patient  did.  The  patient's  underlying  myocar- 
diopathy,  however,  made  adequate  support  of  the  cardiovascular  system 
nearly  impossible. 

Case  No.  3 


Intraop  ’•atlve  myocardial  Infarction 

This  patient,  a 58  year  old  male,  sustained  a A2.5^  chemical 
injury  when  he  fell  Into  a pool  of  alkaline  solution.  Three  days 
postinjury,  he  was  scheduled  for  excision.  During  hii*.  preoperative 
interview,  he  admitted  to  occasional  chest  pain  for  which  he  took  no 
therapy.  He  claimed  he  was  otherwise  healthy  and  able  to  carry  out 
his  normal  activities.  For  the  two  days  prior  to  his  surgery,  he 
had  had  cardiac  arrhythmias,  and  he  was  placed  on  quinidine  and  digoxin. 

On  the  day  of  surgery,  the  patient  was  taken  to  the  operating 
room.  He  was  induced  with  ketamine  and  halothane  and  intubated.  For 
the  first  hour,  the  patient's  blood  pressure  remained  at  100/50,  At 
that  point,  it  was  necessary  to  remove  the  blood  pressure  cuff  to 
dcbrlde  the  arm.  Upon  reapplication  of  the  cuff,  the  patient's  blood 
pressure  was  noted  to  be  80/k0,  Throughout  the  case,  the  EKG  remained 
stable  and  CVP  varied  from  7 to  9 cm  of  water.  Estimated  blood  less 
was  4000  cc,  and  the  patient  received  7 uf»lts  of  blood  and  2700  cc 
D^RL.  Upon  cessation  of  the  anesthetic,  his  blood  pressure  fell  to  70 
systolic,  where  it  remained  on  his  return  to  the  intensive  care  unit. 

A STAT  EKG  revealed  an  acute  myocardial  infarction.  Initially,  he 
required  pressors  for  maintenance  of  his  blood  pressure,  but  he  was 
successfully  weaned  from  dopamine.  Two  days  later.  It  was  necessary 
to  return  to  the  operating  room  for  excision  of  skin  from  the  patient's 
back  and  amputation  of  his  left  leg.  During  the  procedure,  he  lost 
approximately  3500  ml  o''  blood,  and  he  received  6 units  of  whole  blood 
and  one  unit  of  packed  cells  in  addition  to  1400  ml  D^RL,  Urine  out- 
put and  blood  pressure  were  satisfactory  throughout  surgery.  Post- 
operatively,  the  patient  remained  stable  until  the  5th  postoperative 
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day,  when  he  developed  ventricular  instability^  Treatment  with  iidcr 
caine  was  effective;  however,  the  patient  became  unresponsive  and 
died  that  dayt 

Comment 


At  autopsy,  this  patient  had  severe  coronary  artery  thrombosis 
and  myocardial  fibrosis,  probably  from  previous  Ischemic  episodes. 
Although  the  preoperative  EKG  was  normal,  the  patient^s  history  of 
chest  pain  would  appear  to  indicate  previous  Ischemic  episodes. 

The  episodes  of  arrhythmia  the  patient  manifested  prior  to 
surgery  may  have  been  secondary  to  myocardial  ischemia. 

This  patient  illustrates  the  risk  of  anesthesia  and  surgery  in  a 
patient  with  an  acute  myocardial  infarct.  St  Mes  have  shown  a greater 
than  501  reinfarction  rate,  50%  of  which  are  facai , when  a surglca) 
procedure  is  performed  within  six  months  of  an  Infarct.  Although 
aware  of  this,  the  nature  '<  the  patient's  injury  required  repeated 
strgicai  procedures  and  nothing  was  available  to  obviate  the  risk. 


TABLE  1.  0\lERALL  PATIENT  DATA.  USAISR  0966-1975) 


No.  of 
Patients 

No.  Patients 
Anesthetized 
(ISR  Only) 

No.  Patients 
Anesthetized 
No.  Patients 
(xlOO) 

Total 

Anesthetics 
(ISR  Only) 

Anesthetics 
No.  Patients 
Anesthetized 
(xlOO) 

Average 
Per  Cent 
Burn 

1966 

311 

181 

58.2 

713 

3.94 

30 

1967 

389 

239 

61.4 

670 

2.80 

28 

1968 

389 

259 

66.6 

794 

3.07 

30 

1969 

294 

189 

64.3 

601 

3.18 

36 

1970 

321 

198 

61.7 

497 

2.51 

30 

1971 

301 

179 

59.5 

475 

2.65 

% 

31 

1972 

301 

183 

60.8 

575 

3.14 

34 

1973 

273 

141 

51.6 

377 

2.67 

38.5 

197A 

; 226 

123 

54.4 

380 

3.09 

41.57 

1975 

254 

142 

55.9 

490 

3.45 
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TABLE  2.  NATURE  OF  SURGERY,  USAISR 
(Per  Cent) 


Procedure 

1971 

1972 

1973 

1974 

1975 

Debridement  and/or  homograft 

15.5 

19.7 

21.5 

22.60 

25.0 

Autograft 

52.9 

51.3 

52.6 

56.9 

51.0 

Orthopedics 

13.0 

8.9 

8.0 

8.1 

8.0 

Ear  (chondrectomy) 

4.0 

3.1 

2.6 

1.60 

1.0 

Eye  and  lid 

3.8 

0.7 

1.8 

1.60 

2.0 

Intra-abdominal 

1.7 

7.8 

2.1 

3.70 

2.0 

Tracheostomy  f bronchoscopy 

4.6 

6.6 

6.6 

1.80 

1 

<1 

Other 

■ - 1 

4.4 

1.9 

4.8 

3.70 

11.0 
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23.  .(U)  To  provide  diagnostic  support  and  consultation  for  the  thermally  injured 
soldier  and  to  initiate  treatment  as  is  necessary  to  include  both  peritoneal  and 
hemodialysis.  In  addition,  the  renal  section  is  involved  in  clinical  research 
activities  designed  to  improve  patient  care  and  our  understanding  of  renal  problems 
in  the  thermally  injured  soldier.  The  renal  section  also  supports  the  clinical  and 
research  endeavors  of  the  Nephrology  Service  at  Brooke  Army  Medical  Center  in  an  effort 
to  imp-'ove  care  of  military  personnel. 

24.  (U)  The  renal  section  provides  consultation  to  the  physicians  involved,  A direct 
care  of  the  thermally  injured  patient.  ’nal  function  is  assessed  by  various  techniques 
and  therapeutic  interventions  in  the  foti  of  hemodialysis  and  peritoneal  dialysis  are 
available.  In  addition,  the  renal  section  is  involved  in  several  clinical  and 
laboratory  research  protocols. 

25.  (U)  75  01  - 75  12  Ten  patients  were  hemodialyzed  by  the  ISR  Renal  Section  for  a 
total  of  59  patient  treatments.  One  peritoneal  dialysis  was  carried  out.  Of  the 

10  patients,  only  one  survived.  Femoral  vein  catheterization  with  unipunoture 
hemodialysis  has  markedly  improved  acute  hemodialysis  access.  A video  tape  has  been 
made  of  the  technique  and  presented  at  the  American  Society  of  Artificial  Internal 
Organs  Meeting.  Other  areas  of  clinical  investigation  are  also  underway,  with 
particular  emphasis  on  pathophysiology  of  acute  renal  failure.  The  second  course  in 
Nephrology  was  sponsored  by  ISR  Nephrologists  and  awarded  credit  by  the  American 
Medical  Association  for  continuing  education. 
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The  Renal  Service  performed  59  hemodialysis  treatments,  567  urin- 
alysis, 379  fibrinogen  degradation  product  determinations,  13  creatinine 
clearance,  and  9 glofll  clearances . The  glomerular  histology  protocol  was 
extended  to  include  scanning  electronmicroscopy;  a protocol  was  initiated 
to  develop  a noninvasive  technique  of  determining  intrarenal  blood  dis- 
tribution; and  another  protocol  was  initiated  to  determine  the  site  of 
infection  within  the  urinary  tract . The  first  annual  Brooke  Army  Med- 
ical Center  Nephrology  Seminar  was  also  held . 


Renal  Failure 
Hemodialysis 
Peritoneal  Dialysis 
Soldiers 


CLINICAL  OPERATION,  METABOLIC  BRANCH,  RENAL  SECTION  FOR 
TREATMENT  OF  SOLDIERS  WITH  RENAI,  FAILURE 

The  Renal  Section  is  composed  of  a Nephrologist,  and  two  hemodialysis 
technicians  who  also  function  as  research  technicians , The  primary  mission 
of  the  Renal  Section  is  to  support  the  operation  of  the  Clinical  Division  of  the 
Institute  of  Surgical  Research  Burn  Unit,  providing  both  consultation  for 
patients  with  renal  and  metabolic  problems  and  hemodialysis  in  cases  of  renal 
failure.  A secondary  mission  of  the  unit  has  been  to  support  the  Nephrology 
Service  of  Brooke  Army  Medical  Center , The  USAISR  Hemodialysis  Team 
provides  backup  support  when  necessary  and  assists  in  treatment  of  cases 
of  renal  failure  occurring  at  the  main  hospital  of  Brooke  Army  Medical  Center. 
The  Chief  of  the  Metabolic  Branch  directs  the  BAMC  Nephrology  Service,  and 
the  Chief  of  the  Renal  Section  directly  participates  in  Neohrology  patient  care 
at  BAMC . 

Ten  patients  were  hemodialyzed  for  a total  of  59  dialyses . One  patient 
was  peritoneally  dialyzed.  Of  the  11  patients  dialyzed  only  one  survived. 

Ten  patients  died  of  burn  wound  sepsis.  In  addition  to  dialysis,  renal  tech- 
nicians performed  567  urinalysis,  379  determinations  of  fibrinogen  degrada- 
tion products,  13  creatinine  clearances,  9 glofil  clearances,  plus  assisted 
the  burn  unit  in  bedside  care. 

The  thrust  of  research  by  the  Renal  Section  has  been  toward  definition 
of  the  type  of  renal  insufficiency  seen  in  the  thermally  injured  patient.  Histo- 
logic studes  including  transmission  electron  mici  jscopy  have  failed  to  sup- 
port earlier  suggestions  tliat  a glomerular  alteration  may  be  responsible  for 
the  altered  renal  function.  This  study  has  been  extended  to  include  scanning 
electron  microscopy  since  current  studies  of  other  investigators  have  sug- 
gested a role  of  glomwrulai  surface  alteration  in  acute  renal  failure. 

Efforts  are  also  being  made  to  better  define  the  renal  hemodynamics  in 
the  thermally  injured  patient.  Currently  a noninvasive  technique  for  deter- 
mining intrarenal  blood  distribution  is  being  investigated  in  a rat  model 
using  dimercap^uccinic  acid  labled  with  T ^ and  microspheres 
labeled  with  Sr  ^ 

Using  fluorescene  labeled  Immunoglobulin  an  investigation  is  being 
made  into  the  role  of  retrograde  urinary  tract  infection  in  renal  paren- 
chymal infection  and  systemic  sepsis  in  the  thermally  injured  patient.  It 
would  be  particularly  helpful  if  this  technique  could  be  used  to  localize 
sites  of  yeast  infection  since  bladder  irrigation  would  correct  yeast  infec- 
tions limited  to  the  lower  tract  without  exposing  patients  to  the  toxicity  of 
systemic  therapy . 
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USAISR  Nephrologists  initiated  the 'first  Brooke  Army -Medical  Center 
Nephrology  Seminar , a three  day  event  devoted  to  kidney  transplantation 
held  and  videotaped  at  the  Academy  of  Health  Sciences . Speakers  included 
Transplant  Surgeons  and  Nephrologists  of  national  status . The  seminar 
was  well  received  and  future  seminars  are  to  be  sanctioned  by  the  American 
Medical  Association  and  the  American  College  of  Physicians  for  continuing 
education . Chronic  Renal  Failure  will  be. the  topic  of  next  years  seminar . 

PRESENTATIONS: 

Merrill,  RH:  History  of  Tran^lantation  First  Annual  Brooke  Army  Medical 
Center  Nephrology  Seminar  29-31  January  1975 . 

Myers,  WD:  Long  Term  Prognosis  First  Annual  Brooke  Army  Medical  Center 
Nephrology  Seminar  29-31  January  19^5 . 

Myers, WD:  Principles  of  Acid-base  Physiology  ICU  Advanced  Nursing  Course 
19  Feb  75.  ' 

Myers  WD:  Flank  Pain,  Hematuria,  and  Renal  Mass  University  of  Texas 
Health  Science  Center  at  San  Antonio  combined  iJephrology  Conference  28  May  75 
Myers  WD:  Principles  of  Acid-base  Physiology  ICU  Advanced  Nursing  Course 
Aug  1975. 

Merrill  WH:  Iron  Absorption  in  Hemodialyzed  Patients , Southeastern 
Dialysis  and  Transplantation  Association  Meeting,  Dallas,  Texas,  August  1975. 

Myers, WD:  All  About  Kidney  Transplantation  ICU  Advanced  Nursing  Course 
Seminar  on  Transplantation.  Cctober  1975 

Myers  WD:  Treatment  of  Glomerulonephritis  Brooke  Army  Medical  Center. 
Selected  Topics  in  Internal  K^edicine  L^ture  Series  December  1975. 
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(0)  Endotoxin?  (U)  Sepsis;  (U)  Assay;  (u)  Bums;  (U)  Humans 


|U>  TCCMMICAC  OOllCTiVC,*  14>  APNNOACN*  II.  NNOOACtl  (FWdleA  ^•ree'epAa  If  a tiler  Prece*  )e«t  el  »e«A  »fit  |eci#l»r  CfeeelMceUen  CeUe  ) 

23.  (U)  Detect  endotoxin  in  tissues  of  burn  patients  dying  with  sepsis;  special 
interest  directed  toward  liver,  in  view  of  current  extensive  findings  of  liver  damage 
as  part  of  pathological  picture  in  septic  shock,  a factor  in  battle  wounds  of  all 
types. 

24.  (U)  Liver  emd  other  tissues  are  triturated  and  extracted  with  glacial  acetic  acid 
to  neutralize  inhibition  emd  permit  detection  of  endotoxin. 

25.  (0)  75  07  - 76  09  65  autopsies  of  patients  dying  with  extensive  burn  injuries 
yielded  liver-tissue  for  examination.  61  of  these  showed  endotoxin  by  Limulus 
Amaebocyte  Lysate  test.  93%  of  patients  had  detectable  endotoxin  in  the  liver;  median 
value  was  .01  ug/gm.  Normal  livers  failed  to  reveal  endotoxin  and  bacterial  content 
of  reacting  livers  vaa  10^  or  less.  This  level  will  not  produce  lysate  coagulation. 
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ABSTRACT 


PROJECT  NO.  3A161102B71R-01,  RESEARCH  IN  BIOMEDICAL  SCIENCE  - SURGERY 

REPORT  TITLE;  DETECTION  OF  ENDOTOXIN  IN  BURNED  SOLDIERS  WITH  SEPSIS 

US  Army  Institute  of  Surgical  Research,  Brooke  Army  Medical  Center,  Fort 
Sam  Houston,  Texas  78234 

Period  covered  in  this  report;  1 July  1975  - 30  June  1976 

Investigators;  Robert  B.  Lindberg,  PhD 
Virginia  C.  English,  MA 
Arthur  D.  Mason,  Jr,  MD 
Basil  A.  Pruitt,  Jr,  MD,  Colonel,  MC 

Report  Control  Symbol  MEDDH-288(R1 ) 


Endotoxin  can  be  demonstrated  in  plasma  or  serum  by  the  Limulus 
amoebocyte  lysate  reaction,  after  extraction  with  acetic  acid  and  neutral- 
ization of  the  supernate.  A derivative  of  this  procedure  was  applied  to 
homogenates  of  liver  from  patients  dying  with  severe  burns,  in  most  *■ 
instances  with  clinical  and  laboratory  indication  of  severe  sepsis.  94% 
of  65  patients  had  a positive  reaction  for  endotoxin  in  the  liver.  The 
median  concentration  was  .044  mcg/gm  of  liver.  Seven  patients,  or  11.4% 
of  reactors,  had  no  positive  blood  cultures.  The  sequestration  is,  in 
at  least  50%  of  cases,  not  associated  with  bacterial  contamination  of  the 
specimen;  the  remainder  of  reactors  may  include  some  iri  whom  the  bacterial 
contribution  to  endotoxin  level  occurred. 


Endotoxi n 
Sepsi  s 
Assay 
Burns 
Humans 
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DETECTION  OF  ENDOTOXIN  IN  BURNED  SOLDIERS  WITH  SEPSIS 


Detection  of  nanogram  or  lesser  amounts  of  endotoxin  (ET)  is  now 
feasible  with  the  Limulus  amoebocyte  lysate  reaction,  and  the  availability 
of  this  technic  has  resulted  in  renewed  interest  in  assessing  the  patho- 
genesis of  gram-negative  shock.  Earlier  reports  have  described  the 
failure  to  detect  circulating  endotoxin  the  the  blood  of  burned  patients 
with  sepsis  (1),  Those  efforts  led  to  the  conclusion  that  circulating  ET 
would  be  detected  ifT approximately  one  third  of  the  patients  in  whom 
gram-negative  sepsis  was  plausibly  established.  The  procedure  thus  is  not 
a valid  diagnostic  aid  in  the  diagnosis  of  sepsis,  but  other  problems 
regarding  ET  and  its  mode  of  action  can  be  approached  by  the  LAL  reaction. 

The  study  of  liver  tissue  in  patients  dying  with  endotoxic  shock  was  a 
problem  to  which  LAL  technic  could  be  applied,  and  the  results  of  this 
effort  have  been  set  down  in  this  on-going  study. 

Since  the  endotoxin  being  detected  with  the  LAL  is  a 1 ipopolysaccharide 
embodied  in  the  bacterial  cell  wall,  bacteria  in  tissue  could  contribute 
a quantity  of  endotoxin  directly,  without  representing  any  function  of 
selective  absorption  of  circulating  endotoxin  by  hepatocytes,  macrophages, 
or  any  other  cell.  This  possibility  was  tested  in  several  ways.  One 
thousand  bacterial  cells  in  one  ml  of  a broth  culture  will  give  a positive 
LAL  reaction  in  some  instances  - i,e,  when  the  cells  are  gram-negative 
bacilli  or  any  other  form  rich  in  endotoxin.  However,  tests  of  liver  tissues 
with  varying  numbers  of  Enterobacteri aceae,  including  Klebsiella,  Enterobacter 
and  Serratia  spp  have  shown  a wide  variation  in  the  minimum  number  of  bacteria 
that  will  give  a positive  gelation  with  Limulus  lysate.  Positive  reactions  were 
obtained  with  a minimun  of  5 x 10^  cells  per  gram  of  liver  tiisue,  but  the  median 
reactive  level  with  20  liver  samples  was  4,5  x 10^,  In  cultures,  the  reaction 
at  1000  cells  per  ml  is  the  equivalent  of  ,ool  pg  or  even  ,0001  pg  in  standard 
endotoxin.  Such  a minimal  reaction  thus  represents  a lower  cut-off  point  for 
interpreting  the  results  of  tests  on  clinical  material:  i.e,,  tissues  with 

low  bacterial  counts  and  with  ET  levels  at  10  to  1000  times  the  maximum  that 
such  bacterial  level  could  produce  may  be  interpreted  as  containing  endotoxin 
beyond  a level  to  be  accounted  for  by  bacterial  content. 

Endotoxin  level  was  determined  in  65  liver  samples.  Of  these  patients, 

49  had  at  least  one  positive  blood  culture,  and  16  had  negative  blood 
cultures  or  did  not  have  a blood  culture  drawn.  Results  of  ET  determinations 
are  shown  in  Tdale  1,  There  were  61  samples  in  which  a detectable  level  of 
ET  was  found,  Anong  these,  31,  or  50%  gave  levels  of  .01  pg/gm  or  higher. 

This  meant  a larger  proportion  than  had  previously  been  seen  contained 


1.  Lindberg  RB,  English  VC,  Pruitt  BA, Jr,  Mason  AD,  Jr;  Detection  of 
endotoxin  in  burned  soldiers  with  sepsis.  USA  Institute  of  Surg  Res 
Ann  Res  Prog  Rpt  FY  1973,  BAMC,  Ft.  Sam  Houston,  Texas,  Section  6. 
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amounts  of  endotoxin  which  bordered  on  the  levels  which  might  reflect  becteriiit 
contamination  rather  than  sequestered  ET*  Howevert  the  bacterial  counts* 
shown  in  the  third  column  range  from  high  to  low  over  the  whole  range  of 
endotoxin  levels  observed*  This  supports  the  view  that  the  bacterial  count 
was  not  contributing  consistently  to  the  ET  level  demonstrated  in  these 
liver  samples* 


Table  1* 

Endotoxin  Levels  in  Liver  Tissues  From 
Burn  Autopsies,  ISR,  1975 

Endotoxi n 
ug/gm 

No*  Patients 

Average  Bacterial 
Count/gm 

5.12* 

1 

]o6.7 

.64 

1 

O 

• 

o 

.32 

3 

102*8 

.16 

2 

103*6 

. 

o 

CD 

4 

10^*’ 

.04 

4 

lo'-® 

.02 

8 

10^’^ 

*01 

8 

io2*9 

.008 

1 

lo3.0 

.005 

11 

10^*^ 

.0025 

14 

io3*i 

.001 

4 

lo'-^ 

<.0001 

4 

o 

• 

oo 

Total  tested 

65 

Median  level  of  ET:  .044  pg/gm 

*This  level  was  technically  correct,  but  there  is  a possibility  that 
direct  fecal  contamination  of  the  sample  occurred.  It  was  omitted  in 
calculating  the  median  ET  level. 


Endotoxin  accumulated  in  livers  of  several  patients  who  were 
clinically  septic  but  in  whom  no  positive  blood  cultures  were  collected* 

Table  2 presents  data  on  patients  in  whom  endotoxin  was  demonstrable  and 
in  whom  all  blood  cultures  were  negative*  There  were  seven  patients  in 
this  category*  Four  had  gram-nggative  bacteria  in  the  liver*  Multiple 
species  were  found  in  two,  Enterobacter  aeroaenes  in  a third  and 
Escherichia  coli  in  a fourth*  Three  other  liver  samples  were  all  negative 
for  bacterial  growth*  Evidently  the  accumulation  of  endotoxin  can  occur 
in  the  absence  of  bacteria  in  the  liver* 

There  were  4 patients  in  whom  no  detectable  wdotoxin  could  be  found 
in  the  liver*  One  of  these  had  no  blood  cultures  collected*  The  other 
3 had  from  4 to  10  positive  blood  cultures*  Multiple  species  were  recovered 
from  these  samples*  The  results  are  shown  in  Table  3*  The  succession 
of  species  in  blood  cultures  was  not  uncommon  in  a lethal  sepsis.  The 
blood  stream  strains  were  not  always  recovered  from  the  liver  in  situations 
where  sepsis  had  prevailed  for  a few  days*  Endotoxin  was  not  detectable 
in  any  of  these  liver  samples* 

In  autopsy  liver  sampels  positive  for  endotoxin,  12  species  of  bacteria 
were  recovered*  Predominant  were  K1  ebsi el  1 a oneumoni ae*  E.*  col i . Enterfe- 
bacter  cicacae  and  Pseudomonas  aeruginosa* there  was  no  indication 
that  any  species  was  associated  with  more  ET  in  liver  tissue  than  any 
other  gram  negative  bacillus* 

STABILITY  OF  LIMULUS  AMOEBOCYTE  LYSATE 

A large  pool  of  Limulus  amoebocyte  lysate  was  collected  in  1971,  and 
has  been  used  since  that  time*  The  lysate,  in  20  ml  amounts,  was  forzen 
and  stored  at  -70  u*  Since  the  usefulness  of  ET  assay  depends  on  active 
lysate,  periodic  tests  of  potency  of  this  lysate,  have  been  carried  out. 

It  is  of  general  interest  to  determine  the  duration  of  potency  under 
these  storage  conditions*  Results  of  a series  of  texts  on  samples  from 
a pool  of  lysate  designated  S-2a  no*l  are  summarized  in  Tcdble  4. 

In  a series  of  17  tests  during  1975»  variations  in  sensitivity  occurred. 
A reading  at  0*001  mcg/ml  could  be  considered  valid  when  the  intensity  of 
clot  formed  was  rated  at  2,  which  was  a less  than  stable  clot.  However, 
only  4 out  of  10  texts  were  read  at  this  level.  Ten  tests  gave  3 or  4 
intensity  reabtions  with  a succession  of  endotoxin  standards.  Endotoxin 
standards  themselves  may  varyj  in  the  comparison  series  reported  here, 
one  control,  in  November  1975  gave  the  weakest  results*  That  run  gave  a 2 
reaction  at  0*0025  pg/m1;  at  0.00125  meg.  of  ET  of  this  preparation,  the 
reaction  was  only  at  a weak  clot  level,  graxle  1 in  this  instance,  the  vial 
of  lysate  was  regsii’ded  as  sub-standard  in  potency,  although  other  ET 
preparations  reacted  afith  stronger  clots  in  this  particular  vial  of  lysate* 
The  over-si  1 result  was  affirmation  of  the  survival  of  amoebocyte  lysate 
activity  for  at  least  4 years  in  storage  at  -70®C. 


Table  2.  Endotoxin  in  Livers  of  Patients  with  Negative 


Table  3 

BLOOD  CULTURE  SURVEY  OF  PATIENTS  WHO  YIELDED 
NO  DETECTABLE  ENDOTOXIN  FROM  AUTOPSY  LIVER 


AUTOPSY 

NO.  NEG.AM. 

NUMBER  OF  BLOOD  CULTURES  AM 

ORGANISMS  FOUND 

NUMBER 

BLD. CULTURES 

YIELDING  SPECIFIED  ORGANISM 

IK  LIVER 

A- 16-75 

10  Positive  bid.  cultures 
giving  rise  to: 

COUNTi  2 X 1q2 

13 

4 E.  cloacae 

E.  aerogenes 

4 P.  aeruginosa 

Nonhemolytic  Gp  0 

3 K.  pneumoniae 

Streptococcus  sp. 
K.  pneumoniae 

A-47-75 


not  exenined 


10.  Positive  bid.  cultures 

giving  rise  to: 

A- 19-75 

5 

4 E.  cloacae 

1.1 

X 10^ 

2 P.  aeruginosa 
5 K.  pneumoniae 

K. 

pneumon I ae 

1 S.  aureus 

S. 

aureus 

A- ( 1-75 

6 

4 Positive  bid.  cultures 
giving  rise  to: 

5.1  X lo’ 

3 E.  cloacae 
1 K.  pneumoniae 

P.  aeruginosa 
K.  pneumoniae 

Abbr;  No.  ■ number;  AM  ■ antemorteum;  NEG.«  negative;  bid  - blood 


Td»U  If 

THE  INTE6H1TY  OF  LIHULUS  LYSATE  STOCK 


■YSATE  U-2«  0 1 


DATE 

DEGREE  OF  REACTION  AT  ET  CONCENTRATION  IN  NC6. 
0.01  0.005  0.0025  0.00125  0.0006  0.0003 

1-14-75 

3 

3 

2 

2 1 

1 

Fresh  endotoxin  dilution 

from  stock  prepared  for  following  tests: 

3-11-75 

4 

2 

3 

2 V 

0 

Fresh  endotoxin  dilution  from  stock  prepared  for  following  tests: 

7-22-75 

4 

3 

3 

3 3 

7-23-75 

4 

3 

3 

3 3 

2 

7-29-75 

4 

3 

3 

3 2 

1 

Fresh  endotoxin  dilution  from  stock  prepared  for  following  tests: 

7-30-75 

4 

4 

4 

4 4 

3 

7?3l-75 

4 

4 

4 

4 4 

3 

8-4-75 

4 

4 

4 

4 4 

3 

8-6-75 

3 

4 

3 

2 1 

1 

Fresh  endotoxin  dllutlo'^ 

from  stock  prepared  for  following  tests; 

8-11-75 

4 

4 

3 

3 2 

1 

8-25-75 

4 

4 

4 

4 3 

3 

Fresh  endotoxin  dilution 

from  stock  prepared  for  following  tests; 

9-13-75 

4 

4 

4 

4 3 

1 

9-15-75 

4 

4 

4 

4 3 

2 

9-29-75 

4 

4 

4 

3 3 

1 

Fresh  endotoxin  dilution  from  stock  prepared  for  following  tests: 

11-10-75 

4 

4 

3 

2 * 

New  vial  of  lysate  thawed  and  fresh  endotoxin  dilution  prepared 

1 for  following  tests: 

11-28-75 

4 

3 

2 

1 1 

1 

Him  ■■ 

4 

L 

2 

1 0 

0 

Note:  Ali  lysate  stored  In  Revco  freezer  at  ~ 70  C & thawed  before  use. 

0 > No  reaction:  I > positive  but  weak,  unstable  clot;  2 » sllshtly  more 
stable  clot  than  I +;  3 ■»  Tight  clot,  but  slightly  disrupted  on  tipping 
tube:  4 ■ clot  forms  In  less  than  I hour;  does  not  disrupt  on  tippint  tube. 

All  lysates  assayed  by  using  E.  coll  0III:B4  I Ipopolysacchprlde  (Dlfco) 
as  endotoxin  source. 
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DISCUSSION 


The  observations  suninarized  here  add  further  evidence  that  endotoxin 
Is  Indeed  liOquestered  In  the  livers  of  burn  patients  dying  with  sepsis  and 
gran  negative  Infection.  Although  here  were  cases  In  the  lower  range 
(below  .005  pg/m1)  In  which  the  bacteria  present  in  the  sample  might  have 
contributed  to  the  endotoxin  demonstr&ted»  such  samples  were  few  In 
number.  9^  of  the  patients  exhibited  demonstrable  endotoxin  in  the  liver. 
The  mean  value  of  .OMf  mcg/ml  was  at  least  4 times  higher  than  the  leVel 
that  might  be  caused  by  presence  of  gran  negative  bacteria  at  ]0ygm  of 
t1  ssue. 

The  nature  of  tbe  effect  of  endotoxin  on  hepatic  cells  remains  to  be 
elucidated.  The  complex  derangement  of  essential  functions  that  occurs 
with  shock  Is  such  that  this  sequestering  phenomenon  may  be  an  important 
factor  In  this  aspect  of  burn  injury. 

PRESENTATIONS 

Lindberg  RB,  English  VE,  Mason  A0»Jr»  Pruitt  BA^Jr,  "Sequestration 
of  Endotoxin  (ET)  in  Liver  of  Burn  Patients  with  Granwnegative  Sepsis" 
presented  at  tiie  Am.  Assoc.  Immunol. » Anaheim,  Calif.,  April  13»  1976. 

PUBLICATIONS 

Lindberg  RB,  English  VE,  Mason  AO, Jr,  Pruitt  BA,Jrt  Sequestration 
of  endotoxin  In  liver  of  burn  patients  with  gram- negative  sepsis. 

Fed  Proc  35 <738,  1976  (Abst). 
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to  carbenicillin. 
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ABSTRACT 


PROJECT  NO.  3A161102B71R-01,  RESEARCH  IN  BIOMEDICAL  SCIENCE-SURGERY 

REPORT  TITLE:  ANTIBIOTIC  SENSITIVITY  OF. CURRENT  MILITARY  BURN 
PATIENT  FLORA 

US  Army  Institute  of  Surgical  Research,  Brooke  Army  Medical  Center,  Fort 
Sam  Houston,  Texas  78234 

Period  covered  in  this  report:  1 July  1975-30  September  1976 

Investigators:  Robert  B.  .Llndberg,  PhD 

Anthony,  A.  Contreras , MS 
Daniel  T.  Zamora,  SP6 

Reports  Gintrol  Symbol  MEDDH-288(R1) 


A high  level  of  septicemia  in  severely  burned  patients  presented  517 
strains  of  essentially  opportunistic  Invaders  from  blood  cultures  for  sensi- 
tivity testing  in  1975.  MIC  showed  a return  of  methicillin  resistance  in  a 
staphylococcus  population  that  had  in  the  previous  two  years  become  more 
sensitive  to  methicillin  and  other  categories  of  antibiotics . For  these  strains, 
keflin  susceptibility  increased, clindamycin  remained  highly  active,  and  they 
were  all  sensitive  to  vancomycin.  Klebsiella  pneumoniae,  appearing  on  an 
epidemic  scale  to  supplant  Enterobacter  cloacae,  was  inhibited  in  a signifi- 
cant degree  only  by  colymycin,  minocin  and,  in  a preliminary  trial,  by  vibra- 
mycin.  Results  were  similar  for  Enterobacter  cloacae.  These  enteric  oppor- 
tunists were  major  causes  of  sepsis,  and  essentially  did  not  respond  to  chemo- 
therapy. Together  with  Pseudmonas  aeruginosa  they  represent  a cross-resis- 
tant treatment- refractory  bacterial  population  which  appears  most  often  in 
terminal  septic  episodes.  Extended  investigation  of  chemotherapy  is  called 
for  if  they  are  to  be  reduced  in  importance  as  a cause  of  death  in  severely 
burned  patients. 


Antibiotic  sensitivity 

Pseudomonas 

Burns 

Chemotherapy 

Provider.cici 
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ANTIBIOTIC  SENSITIVITY  OF  CURRENT  MILITARY 
BURN  PATIENT  FLORA 


Since  bacterial  sepsis  has  continued  to  be  the  major  cause  of  death  in 
burn  injury,  the  antibiotic  susceptibility  of  the  burn  flora  in  septicemia  has 
remained  a primary  concern  in  the  management  of  se^/ere  burns.  The  pro- 
file of  sensitivity  of  those  strains  recovered  in  the  Institute  of  Surgical 
Research  from  blood  cultures,  together  with  a small  number  of  wound, spu- 
tum and  urine  cultures  tested,  furnishes  a guide  to  current  antibiotic  therapy. 
Such  treatment  must  frequently  be  instituted  before  Ihe  sensitivity  of  a given 
blood  stream  isolate  could  possibly  be  determined.  A resume  of  sensitivity 
of  the  major  offending  species  of  bacteria  enhances  the  potential  for  selecting 
the  optimal  antibiotic  prior  to  acquisition  of  data  on  a specific  strain.  Bacteria 
found  on  burn  populations  may  fluctuate  rapidly  in  sensitivity  to  antibiotics 
so  that  ongoing  summaries  are  important  as  guides  in  a valid  program 
antibiotic  therapy.  The  constitution  of  an  optimal  routine  test  battery  of  anti- 
biotics was  aided  by  sorting  out  long-term  trends  of  sensitivity  or  resistance 
as  seen  in  these  summaries.  Cross- resistance  in  several  species  of  opportu- 
nistic pathogens  found  in  burp  patients  at  the  Institute  of  Surgical  Research 
has  been  far  greater  than  that  reported  from  other  general  hospitals.  This 
difference  permits  more  clearcut  demonstrations  of  patterns  of  resistance 
than  is  the  case  with  most  organisms  from  hospital-acquired  infections. 

TECHNIC  AND  SOURCES  OF  STRAINS 

In  (his  study,  a Minimum  Inhibitory  Concentratiori  (MIC)  procedure  has 
been  used.  It  has  been  described  in  a previous  report.  10  mm  capped 
plastic  tubes  are  prepared  to  contain  1 .0  ml  of  antibiotic  at  concentrations 
from  1.56  ug/ml  to  50  ug/ml  in  Trypticase  Soy  Broth  (TSB) . 1.0  ml  of  a 4 
to  6-hour  TSB  culture, containing  from  10^  to  10^  organisms  per  ml  is  added 
to  each  tube  of  antibiotic  and  incubated  for  18  to  20  hours.  The  final  con- 
centrations of  antibiotic  employed  extended  from  0.78  ug/ml  to  25.0  ug/ml. 
MIC  was  taken  as  the  lowest  concentration  of  antibiotic  which  prevented 
visible  growth  at  18  to  20  hours.  When  needed,  MIC  could  be  determined 
by  sub-culturing  a loopful  of  fluid  from  tubes  at  concentrations  above  the 
visible  growth  leve!  to  blood  agar  plates. 

Ten  species  of  microorganisms  were  tested,  with  a total  of  527  strains 
(Table  1) . In  previous  years,  up  to  40%  of  strains  examined  were  recovered 
from  sources  other  than  blood  cultures,  but  in  1975,  519  cut  of  527  strains 
(98%)  were  from  blood  cultures.  Thus,  the  strains  examined  in  the  period 
covered  by  this  report  are  those  which,  on  an  empirical  basis,  were  most 


1.  Lindberg  RB, Contreras  AA,  Smith  HOD, Jr,  Plowey  EC,  Mason  AD, 
Jr:  Antibiotic  sensitivity  of  flora  from  military  burn  patients. USA  Ins^  Surg 
Res  Progress  Rpt  FY  1973,  BAMC,  Fort  Sam  Houston,  Texas.  Section  7. 
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probably  virulent,  since  they  had  invaded  the  blood  stream.  The  data  collected 
are,  of  course,  of  maximum  pertinence  to  the  essential  question  of  the  control 
of  sepsis  in  burned  patients. 

The  species  most  frequently  t^ncountered  in  blood  cultures  were,  in 
order  of  occurrence.  Staphylococcus  aureus,  Klebsiella  pneumoniae , Pseudo- 
monas aeruginosa  and  Enterobacter  cloacae.  In  previous  reports,  Providencia 
stuartii  had  been  found  to  be  a major  cause  of  sepsis  in  burned  patients  at  the 
Institute  of  Surgical  Research.  From  1970  through  early  1974,  it  rose  from' 
being  a conspicuous  opportunistic  invader  to  the  predominant  species  numeri- 
cally; however,  in  1975,  only  one  strain  was  recovered  from  a blood  culture. 


Table  1.  Sources  and  Species  of  Bacteria  Tested 
for  Antibiotic  MIC,  1975 


Species 

Total  No. Tested 
Patients  Strains 

Blood 

Sourpes 

Lung 

of  Strains 
Wound 

Other 

S.  aureus 

43 

153 

152 

1 

0 

0 

S.epidermidis 
Strep. spp.  (alpha, 

6 

6 

6 

0 

0 

0 

non-hemolytic) 

7 

13 

13 

0 

0 

0 

Ps  .aeruginosa 

45 

95 

91 

2 

1 

1 

K.  pneumoniae 

58 

159 

156 

2 

0 

1 

Entero.  cloacae 

31 

62 

62 

0 

0 

0 

E.coli 

8 

9 

8 

1 

0 

0 

S.marcescens 

7 

22 

21 

1 

0 

0 

Prot.mirabilis 

4 

7 

7 

0 

0 

0 

Prov.  stuartii 

1 

1 

1 

0 

0 

0 

Totals 

527 

517 

7 

1 

2 

The  antibiotics  used  in  the  test  battery  were  selected  in  accordance 
with  current  trends  in  the  field  of  antimicrobial  usage,  and  also  with  reference 
to  the  effectiveness  displayed  in  vitro  against  this  particular  bacterial  popula- 
tion. The  antibiotic  battery  used  in  1975  is  shown  in  Table  2. 


2.  Lindberg  RB,  etal;  Providencia  stuartii:  A new  opportunistic 
pathogen  recovered  from  burns,  [n  Research  in  Burns:  Proceedings  of  4th 
International  Congress  on  Research  in  Burns.  ( in  press) . 
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Table  2.  Antibiotics  Used  in  Testing  Cram-Positive 
and  Cram-Negative  Bacteria  in  1975 


Cram- Positive 

Cram-Negative 

Gentamicin 

Gentamicin 

Lincoin* 

Minocin 

Methicillin 

Kanamycin 

Oxacillin 

Ampicillin* 

Nafcillin 

Keflin 

Vancomycin** 

Colymycin 

Keflin 

Tobramycin** 

Minocin 

Clindamycin 

Tobramycin** 

Vibramycin** 

* Lincocin  was  deleted  in  mid-1975;  Ampicillin  was 
deleted  in  October  1975. 

**  Vancomycin  was  introduced  in  August  1975;Tob.ra- 
mycin  was  introduced  in  November  1975;  Vibramycin 
was  introduced  in  mid-1975. 


RESULTS  OF  SENSITIVITY  TESTS  ON  PRINCIPAL  SPECIES  OF  BURN  FLORA 
BACTERIA 

Sensitivity  of  bacterial  populations  tested  in  this  series  are  summarized 
in  the  following  tables.  Results  are  shown  in  cumulative  increments,  so  that 
each  increment  of  antibiotic  inhibits  all  strains  that  were  inhibited  by  lesser 
amounts.  Although  the  most  precise  assessment  of  sensitivity  in  relation  to 
achievable  effective  blood  level  varies  with  each  antibiotic,  an  approximation 
of  sensitivity  demarcation  level  may  be  indicated  at  6,5  ug/ml  for  gram- 
positive organisms  and  12.5  ug/ml  for  gram-negative  bacilli.'^ 

Staphylococcus  aureus  - The  cumulative  sensitivity  of  153  strains  of 
S.  aureus  tested  in  1975  is  shown  in  Table  3.  The  group  of  methicillin- 
type  antibiotics  has  been  of  particular  interest  due  to  the  extremely  high  inT 
cidence  of  methjcillin-resistance  which  was  present  in  staphylococci  from 
1969  to  1973.  In  that  year,  sensitive  strains  increased  in  incidence,  and 
sensitivity  rose  still  further  in  1974,  but  in  1975,  resistant  forms  reappeared; 
only  21.8%  of  isolates  were  inhibittJ  at  6.25  ug/ml  of  methicillin . Gentamicin 
was  lower  in  inhibitory  activity  than  in  the  previous  year,  and  a marked  de- 
crease also  occurred  with  minocin.  The  most  effective  antibiotic  in  the  test 


3.  Finland  M Charging  patterns  of  susceptibility  of  common  bacterial 
pathogens  to  antimu rol)ial  agents.  Ann  Int  Med  76:  1009,  1972. 


67 


H C O 

o •• 

" z o 

H 01  » 

0 SI  3 

1 ’ I 

Q.  C i? 
a 3 

^ a r 

..  3 

^ < § 

d 01  Q. 


I § J? 


-•  w o> 


tn 

as  e«  N>  cn 


« *4  •• 

K)  OI 


« as  o» 


lo  m *4 
«4  M Ul 


? ? o 
» as  S 


«>  <0  *4 


• V m 


• J"  JO 
^ w e 


-MM 

10  91  OS 

w *0  w 


-•MM 
M (0  Wl 


«0  W — 

is  M S 


«0  <0 
9»  9»  i 

» *9»  8 


8 8 8 


68 


Table  3.  Cumulative  Inhibitory  Levels  for  153  Strains  of 
Staohvtocoocus  aureus  - ISR,  1§75 


battery  was  vancomycin;  this  drug  was  first  tried  in  1975.  All  but  one  of  87 
strains  tested  were  inhibited  at  3.12  ug/ml.  Keflin  was  similarly  effective, as 
was  clindamycin.  Lincocin  was  deleted  from  testing  during  1975,  although  it 
was  still  effective  in  vitro.  Tobramycin  was  tested  late  in  1975;  it  has  thus  far 
been  highly  active.  There  were  no  instances  of  complete  cross-resistance  in 
this  group  of  strains,  although  cross-resistance  was  common. 

Despite  this  encouraging  proportion  of  sensitive  strains,  success  in 
treating  staph/lococcal  sepsis  was  not  great.  Vancomycin  was  selected  as  the 
drug  of  choice  for  clearing  the  blood  stream  in  staphylococcemia,  in  hopes  of 
preventing  the  development  of  endocarditis.. 

Retrospective  comparison  over  a period  of  several  years  offers  a major 
insight  on  patterns  of  resistance  and  susceptibility  of  staphylococci  to  anti- 
biotics. The  data  for  the  period  from  1968  through  1975  are  summarized  in 
Table  4.  Strains  inhibited  at  6.25  ug/ml  are  regarded  as  sensitive;  above 
that  level, , resistant.  The  progression  of  increasing  methicillin-resistance 
in  the  period  from  1969  to  1972  is  dramatically  shown.  No  comparable  incidence 
of  methicillin-resistance  has  been  found  in  other  descriptions  of  this  phenomenon. 
The  re-appearance  of  a sensitive  population  in  1973  was  described  in  a previous 
report;  however,  the  reemergence  of  resistant  strains  in  1975  was  a new  episode, 
which  resembled  the  earlier  experience.  The  linkage  of  resistance  to  methicillin 
to  the  aminoglycoside  antibiotics  was  suggested  by  the  progression  of  events 
with  gentamicin.  This  was  a less  consistent  fluctuation,  but  the  8 year  experience 
encompassed  the  extremes  between  32°  of  strains  sensitive  and  92%  sensitive. 
After  2 years  of  increasing  effectiveness  (1973-1974)  which  paralleled  the  be- 
havior of  methicillin,  the  strains  recovered  in  1975  shifted  abruptly  to  a low 
level  of  gentamicin  sensitivity.  Minocin  behaved  in  a similar  manner  .Other 
effective  antibiotics  have  not  been  in  use  long  enough  for  similar  observations 
to  be  made. 

Staphylococcus  epidermidis  - Only  6 strains  of  S_^  epidermidis  were 
recovered  from  blood  cutiures,  eacn  in  a single  positive  culture.  Two  of  the 
6 patients  died,  but  neither  of  these  was  classified  as  death  due  to  S.  epider- 
midis. Sensiti  /ity  varied  widely,  but  from  half  to  two-thirds  of  the  6 strains 
were  sensitive  to  the  antibiotics  used  with  gram-positive  cocci.  The  highest 
degree  of  sensitivity  - less  than  0.78  ug/ml  - was  observed  with  gentamicin, 
keflin,  minocin  and  clindamycin. 

Alpha  and  non-hemolytic  Streptococci  - A small  but  significant  number 
of  strains  of  alpha-hemolytic  and  non-hemolytic  streptococci  have  been  recovered 
from  blood  cultures  annually.  In  1975,  13  strains  of  streptococci  were  recovered 
from  7 different  patients.  Five  of  these  patients  died.  The  sensitivity  of  these 
13  strains  is  summarized  in  Table  5.  Most  strains  were  resistant  to  gentamicin, 
and  all  were  methicillin  and  oxacillin  resistant.,  Keflin  was  virtually  ineffec- 
tive, as  was  clindamycin.  Penicillin  C was  the  most  effective  antibiotic  tested, 
and  half  of  the  strains  were  sensitive  to  minocin.  This  heterogeneous  popula- 
tion of  streptococci  were  mainly  group  D by  biotype.  Although  they  were 
numerically  incons  cuous,  their  minimal  spectrum  of  antibiotic  sensitivity 
indicates  that  their  esence  in  burn  patients  with  sepsis  presents  a potentially 
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Table  4.  Comparative  Sensitivity  of  Staphylococcus  aureus  on  an 
Annual  Basis.  ISR  - 1968-1975 


Table  5.  Alpha  and  Non-hemolytic  Streptococci  Sensitivity 
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intractable  infection  as  a possibility. 


Pseudomonas  aeruginosa  - Although  Ps  aeruginosa  has  been  essentially 
controlled  since  by  use  of  appro  jriate  antibacterial  topica;  therapy,  it 
remains  a conspicuous  part  of  the  burn  v,ound  flora,  and  was  third  in  fre- 
quency of  species  recovered  from  septicemia  in  burn  patients  in  1975.  Many 
of  these  septicemic  episodes  can  be  classified  as  terminal  events,  but  even 
so,  the  species  can  scarcely  be  described  as  controlled  in  this  burn  popula- 
tion. Ps.  aeruginosa  has  been  frequently  found  to  be  resistant  to  most  anti- 
biotics, and  in  the  ISR  experience,  this  is  indeed  the  situation.  Results  of 
sensitivity  tests  with  strains  from  45  patients  wiih  positive  Pseudomonas  blood 
cultures  are  shown  in  Table  6.  Gentamicin-resistaht  strains  were  in  the 
majority;  minocin  was  effective  in  a small  percentage  of  strains  but  keflin, 
ampicillin  and  kanamycin  were  completely  ineffective.  Colymycin  remained 
the  most  effective  antibiotic  in  vitro.  Disappointingly,  tobramycin  and 
vibramycin  were  minimally  effective.  Carbenicillin  constituted  a special 
case,  since  inhibition  at  high  levels  of  antibiotic  still  left  it  acceptable  for  use. 
At  156  ug/ml,  88%  of  strains  were  inhibited.  Two  experimental  antibiotics, 
ticarcillin  and  amikin,  were  tested  exteiisively  in  1974;  these  drugs  were  not 
available  for  further  test  In  1975  due  to  administrative  procedures  in  securing 
approval  of  these  agents.  Both  were  highly  effective  m vUro  against  Ps. 
aeruginosa.  No  other  antibiotics  tested  have  shown  such  a level  of  inhibitory 
action. 

On  comparing  sensitivity  of  Ps. aeruginosa  in  1975  with  results  reported 
in  previous  years,  only  one  significant  change  in  proportion  of  sensitivity 
was  found:  a drop  in  proportion  of  strain?  sensitive  to  gentamicin.  During 
1969-1974,  from  62%  to  84%  of  isolates  weri.  sensitive  to  gentamicin;  in  1975, 
only  40%  of  isolates  were  sensitive.  During  the  same  period,  sensitivitv  to 
carbenicillin  increased  gradually  from  a low  of  30%  of  strains  tested  in  1971 
to  88%  in  1975. 

Klebsiella  pneumoniae  - Among  Enterobacteriaceae  species,  K. 
pneumoniae  was  most  commonly  encountered  in  septicemia  in  1975. This 
constituted  a marked  change  in  identity  of  opportunistic  invading  bacteria 
since  1974,  when  Enterobacter  cloacae  was  a major  cause  of  septicemia.  The 
source  of  Klebsiella  spp  is,  first  of  all,  endogenous,,  since  they  e-'e  ubiqui- 
tous i't  the  gut.  The  uniformity  of  biotype  and  antibioqram  in  strains  recovered 
during  197*",  however,  suggested  that  a small  number  of  epidemic  strains  may 
be  represented,  with  patient  to  patient  transter  constituting  the  infection 
s •'“ce. 


Cumulative  sensitivity  for  159  strains  l<_  pneumoniae  from  58  patients 
with  septicemia  is  , jmmarized  in  Table  7.  The  susceptibility  of  spectrum 
was  not  encouraging . Minocin  war  effective  w.th  half  the  strains;  colymycin 
was  active  with  73%  of  strains  tested  and  vibramycin,  tested  here  for  the 
first  time,  was  the  only  other  effective  antibiotic,  The  well  -established 
phenomenon  of  resistance  transfer  factor  is  undoubtedly  involved  in  this 
increasingly  numerous  opportunistic  pathogen  and  selective  enhancement  of 
a resistant  pop  jiatior.  tends  to  occur. 
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Table  7.  Klebsiella  pneumoniae:  Cumulative  Sensitivity  for  159  Strains 

ISR  - 1975 


In  view  of  the  predominance  of  K.  pneumoniae  in  sepsis  in  1975,  a 
retrospective  comparison  of  sensitivity  of  strains  collected  from  sepsis  in  iSR 
patients  is  appropriate.  Table  8 presents  this  data.  Prior  to  1974  numerous 
strains  from  sputum  were  tested;  in  1974  and  1975,  Klebsiella  septicemia 
became  far  more  frequent  in  occurrence  and  only  blood  stream  isolates  were 
tested.  Sensitivity  to  ^^antrex  occurred  at  the  30%  level  until  1973,  when  a 
sharp  increase  in  sensitivity  occurred,  but  when  Klebsiella  septicemia  strains 
increased  in  1974,  sensitivity  to  Kantrex  abrrptly  fell  to  less  than  the  5 to  6% 
level.  Keflln  was  consistent  in  inhibiting  only  about  cne-fifth  of  the  strains 
tested,  with  the  exception  of  the  1973  group.  Change  in  sensitivity  to  genta- 
micin was  especially  disturbing;  this  useful  aminoglycoside,  which  had  been 
the  most  effective  antibiotic  prior  to  1974,  became  virtually  ineffective  by  the 
time  the  1975  collection  was  tested.  An  inversion  of  effectiveness  of  colymy- 
cin  occurred  in  the  same  interval;  this  antibiotic  was  much  more  effective 
after  1974  than  it  had  been  previously.  ^^2  new  antibiotics,  vibramycin  has 
been  highly  effective  in  vitro;  tobramyc,  • was  virtually  inactive.  The  loss  of 
sensitivity  that  accompanied  a marked  rise  in  frequency  of  Klebsiella  sepsis 
strongly  suggests  the  incursion  of  an  epidemic  strain  or  strains  which  essen- 
tially reside  in  the  burn  ward, but  this  is,  at  present,  only  an  hypothesis. 
Further  study  of  these  epidemic  isolates  is  being  carried  on. 


Table  8.  Comparison  of  Antibiotic  Sensitivity 
of  Strains  of  Klebsiella  pneumoniae  from  Burned  Patients 

ISR  - 1971-1975 


Antibiotic 

Year  and 

% of  Strains 

Sensitive 

1971 

1972 

1973 

1974 

1975 

Kantrex 

31.2 

32.5 

72 

8.2 

5.6 

Keflin 

24.1 

18.6 

60.8 

13.8 

22.1 

Gentamicin 

71.8 

60.4 

83.3 

15.2 

6.3 

Colymycin 

31.2 

48.8 

32 

95.8 

73.2 

Ampicillin 

0 

4.6 

8 

1.3 

3.9 

Minocin 

NT* 

NT 

83.3 

90.4 

52.2 

Vibramycin 

NT 

NT 

.AIT 

NT 

94.4 

Tobramycin 

NT 

NT 

NT 

NT 

9.6 

Total  Strains 
Tested 

32 

43 

25 

73 

159 

* Not  tested 

Enterobacter  cloacae  - In  the  previous  year,  1974,  Entero.  cloacae 
increased  abruptly  in  incidence  in  septicemia  and  becamelTie  predominant 
species  of  gram-negative  bacillus  in  the  blood  of  patients  who  developed 
sepsis.  This  incidence  decreased  abruptly  after  April  1975,  and  since  June 
1975,  Entero.  cloacae  sepsis  has  been  seen  infrequently.  Sixty-two 
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strains  from  blood  cultures  on  31  patients  were  tested  in  1975,  and  their  anti- 
biotic sensitivity  is  summarized  in  Table  9,  The  strains  were  broadly  resis- 
tant to  antibiotic;  only  minocin  and  colymycin  were  effective  at  12.5  ug/ml  with 
75%  of  strains  tested.  The  organisms  were  resistant  to  gentamicin,  ampicillin, 
kanamycin  and  keflin.  Only  6 strains  were  tested  with  vibramycin;  its  en- 
couraging result  will  require  further  confirmation,  as  will  the  negative  results 
witi}  6 strains  tested  with  tobramycin. 

The  behavior  of  this  epidemic  outbreak  of  a common  enteric  species 
resembles  the  experience  of  previous  years  with  Providencia  stuartii.  In  such 
instance  a species  with  no  history  of  causing  severe  invasive  sepsis  in  burn 
patients  appeared  in  the  burn  ward  and  rapidly  assumed  a state  of  predomi* 
nance.  Entero.  cloacae  was  not  quite  as  resistant  to  antibiotics  as  was 
Providencia,  but  the  strains  were  sufficiently  resistant  to  present  a major 
therapeutic  problem  when  they  invaded  the  burn  patient.  Although  the 
chronologic  sequence  of  events  was  consistent  with  the  presence  of  a continually 
transmitted  opportunistic  strain  in  the  burn  ward,  the  same  species  was  re- 
covered from  several  patients  at  the  time  of  their  arrival  at  the  Institute  of 
Surgical  Research,  and  the  species  was  recognized  in  at  least  2 other  burn 
research  centers.  Available  data  does  not  permit  categorization  of  the  out- 
break as  a self-contained  epidemic  in  a single  burn  ward,  although  patient- 
to-patient  transmission  certainly  occurred  extensively. 

The  evident  cessation  of  the  Enterobacter  sepsis  outbreak  has  no  ready 
explanation.  No  control  measures  had  been  instituted  prior  to  its  sudden  drop 
in  incidence,  nor  did  the  strain  actually  disappear.  In  the  first  half  of  1975, 

22  patients  showed  Entero.  cloacae  in  one  or  more  blood  cultures.  From 
June  to  December,  only  9 patients  had  positive  blood  cultures  with  this  species. 
Since  1975,  Entero.  cloacae  has  been  recovered  but  rarely  from  wounds, 
sputum,  or  blood.  This  episode  illustrates  a basic  pattern  of  opportunistic 
epidemic  infection  in  burn  wards;  whether  the  capability  of  setting  up  such 
epidemics  is  species-related  may  be  determined  with  continued  systematic 
monitoring  of  the  burn  population. 

Infrequent  E nter obacter iaceae  - Escherichia,  Ssrratia,  Proteus  and 
Providencia  - Species  of  Enterobacter  iaceae  less  frequently  encountered 
are  summarized  in  Table  10.  Escherichia  coli  and  Serratia  marcescens  were 
involved  in  8 and  7 patients  respectively.  The  organisms  were  not  benign; 

5 patients,  who  exhibited  ^ coli  septicemia,  died,  as  did  6 out  of  7 patients 
with  Serratia  sepsis.  Gentamicin,  keflin,  and  especially  colymycin  were  the 
most  effective  antibiotics  for  E.  coli.  Serratia  strains  were  totally  and  un- 
equivocally resistant  to  the  established  test  battery  of  antibiotics . Vibramycin 
was  available  only  for  testing  of  5 strains;  3 of  these  were  sensitive  to  12.5  ug/ 
ml.  It  is  fortunate  that  this  highly  resistant  species  has  not  shown  further 
epidemic  spread;  however,  the  propensity  of  Serratia  for  causing  nosocomial 
infections  has  been  documented  on  numerous  occasions  in  different  hospitals, 
and  its  behavior  in  the  ISR  burn  population  will  continue  to  be  observed  in 
detail. 


DISCUSSION 
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Table  10.  Infrequent  Enterobacteriaceae  in 


The  most  significant  species  involved  in  bacterial  sepsis  in  burned 
patients  In  1975  were  S.  aureus,  K.  pneumoniae,  Ps. aeruginosa  and  Entero. 
cloacae.  When  septi<.vjmia  occurreH" in  burn  patients  with  ^ese  or  with  any  of 
the  7 other  species  of  bacteria  recovered  from  the  blood  in  1975,  a relatively 
high  mortality  could  be  predicted,  even  when  an  antibiotic  active  against  the 
offending  organism  could  be  found.  A retrospective  survey  of  the  type  set 
down  here  aids  in  selecting  the  most  promising  antibiotic  at  the  first  indica- 
tion of  invasive  infection.  STaphylococcI,  having  gone  through  a remarkably 
high  level  of  methicillin  resistance,  regained  up  to  a 68%  sensitivity  level 
during  1973  and  1974,  only  to  have  methici II in-resistance  reappear.  The  high 
level  of  sensitivity  to  keflin  and  vancomycin  indicated  that  they  are  the  most 
promising  antibiotics  for  use  at  this  time.  These  fluctuations  in  sensitivity 
of  a microbial  species  to  antibiotics  appeared  to  be  unrelated  to  specific 
changes  in  antibiotic  usage. 

The  increase  of  incidence  of  K.  pneumoniae  made  this  opportunistic 
invader  the  principal  pathogen  in  septicemia  in  1975.  A progressive  increase 
in  resistance  of  Klebsiella  to  a broad  spectrum  of  antibiotics  has  occurred 
during  the  past  5 years.  Kantrex  and  gentamicin  have  virtually  lost  effect  on 
K.  pneumoniae;  keflin  has,  during  this  time,  been  effective  only  with  20%  of 
liolates,  and  colymycin,  present  the  most  effective  antibiotic,  has  occupied 
this  status  only  during  the  past  2 years.  An  encouraging  pattern  appeared 
\(/ith  vibramycin,  which  in  a small  series  tested  was  highly  active.  The  ease 
with  which  resistance  factors  are  acquired  by  Klebsiella,  and  its  capacity 
for  intensive  colonization  of  burn  patients,  militate  against  complacency 
regarding  any  antibiotic  as  being  a definitive  solution  for  control  of  Klebsiella 
in  the  burn  ward.  In  1974,  an  experimental  antibiotic,  amikacin  (Bristol 
Laboratories) , was  tested  against  gram-negative  strains  pertinent  to  the 
burn  wound.  It  inhibited  75%  of  strains  of  Klebsiella  at  3. 12  ug/ml  and  was 
obviously  a promising  drug  for  use  against  such  infections  It  is  to  be 
released  for  use  in  1976. 

Entero.  cloacae  exhibited  a sensitivity  pattern  closely  paralleling 
Klebsiella  in  1975.  Minocin  was  more  effective  against  this  species  than  against 
Klebsiella,  but,  as  with  that  genus,  colymycin  was  the  only  other  antibiotic 
in  general  use  that  was  active  against  Enterobacter . Vibramycin  was  completely 
inhibiting  in  a preliminary  trial  at  the  6.25  ug/mi  level. 

Ps.  aeruginosa,  despite  the  long  history  of  successful  control  of  sur- 
face infection  by  topical  therapy,  remains  a major  part  of  the  flora  in  sepsis 
in  burns.  In  1975,  the  strains  recovered  from  septicemia  were  somewhat 
more  resistant  to  antibiotic  than  they  had  been  earlier.  Gentamicin  resistance 
increased  in  1975;  only  40%  of  the  strains  tested  were  inhibited  at  the  12.5  ug/ 
ml  level.  Colymycin  remained  an  effective  antibiotic  in  vitro;  and  carbeni- 
cillin  was  slightly  more  effective  In  1975  than  it  had  previously  been. 

The  armamentariurp  of  antibiotics  available  for  cont*"ol  of  gram-negative  • 
sepsis  in  burns  remained  disturbingly  limited  in  terms  of  predominant  organ- 
isms in  1975.  Newly  developed  agents, such  as  amikacin  ani  vibiamycin  merit 
prompt, careful  consideration  if  chis  life-threatening  problem  is  to  be  better 
controlled. 
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(U)  Staphylococcus;  (U)  Bums;  (U)  Septicemia;  (U)  Burn  infection;  (U)  Humans 
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23.  (U)  Continued  high  level  of  Staphylococcus  aureus  septicemia  persisted  despite 

intensive  use  of  antimicrobial  therapy.  A persisting  monotype  epidemic,  with  recurring 
nethlclllln  resistance,  required  characterizing  as  a valued^le  model  for  understanding 
nosocomial  outbreaks  and  the  possibility  of  controlling  them,  a major  objective  in 
mlllt2u:y  medicine. 


24.  (U)  Staph  phage  typing,  MIC  sensitivity  testing  and  emtibiogratas  were  used  in 

epidmnlc  tracing. 


25.  JU)  75  07  - 76  09  Continued  predominance  of  phage  type  84  in  epidemic  pattern 
xn  burn  patients  occurred  despite  a reappearance  of  methicillin  sensitive  strains  in 
the  bum  ward.  In  1975,  a reappearance  of  methicillin  resistance  took  place. 
Cephalosporium  and  glycopeptides  especially  Vancomycin,  remained  relatively  effective 
in  controlling  staphylococcal  sepsis.  The  variability  of  staphylococcal  populations 
required  continued  monitoring  in  view  of  the  unusual  fluctuations  described. 
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Phage  typing  and  MIC  sensitivity  testing  were  used  to  characterize  the 
Staphylococcus  aureus  found  extensively  in  burn  patients.  A previous  epidemic 
of  Phage  type  84  was  supplanted  in  mid-1974  by  type  84,85,  Extremely  high 
methicillin-resistance  was  o&served,  subsiding  abruptly  after  several  years, 
only  to  re-emerge  in  1975.  Cross-resistance  was  observed  with  cephalothins, 
and  with  aminoglycosides  as  well.  Staphylococcal  seeding  of  the  burn  wound  is 
an  obvious  source  of  propagation,  and  selective  pressures,  endogenous  and 
exogenous,  contribute  to  the  continued  persistence  of  this  ubiquitous  species. 
Currently  adequate  in  vitro  sensitivity  prevails,  but  the  possibility  of  re-emergence 
of  resistance  factors  is  shown  by  this  study. 
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EMERGENCE  OF  METHICILLIN-RESISTANT  STAPHYLOCOCCUS 
AUREUS  TYPE  84  AND  84,84  IN  BURNED  MILITARY  PERSONNEL 


The  continuing  problem  of  emergence  of  antibiotic  resistant  Staphylococci 
in  hospital  populations  has  .prompted  detailed  study  of  the  behavior  of  Staphylococcus 
aureus  in  the  patient  population  of  ISR.  The  organism  is  ubiquitous,  and  eradication 
of  seeding  by  Staph  aureus  is  an  unrealistic  goal . Control  of  infection  by  antibiotic 
remains  the  only  feasible  approach  to  prevention  of  staphylococcal  sepsis  in  severe 
burns.  In  previous  reports  (1)  description  of  the  appearance  of  a uniquely 
methici llin-resistant  population  of  stapnylocci  was  described.  Fluctuations  of 
sensitivity  were  observed  over  several  years,  and  in  1973  and  1974,  susceptible 
strains  reappeared  after  a 4-year  period  of  maximum  methici Hin-resistance. 

However,  these  organisms  do  not  of  necessity  remain  static,  and  once  more, 
methici !lin-resistance  was  on  the  rise  in  1975.  The  necessity  for  continuing 
close  obser.vation  of  this  major  pathogenic  species  in  burn  patients  is  only  too 
obvious. 

Phage  Types  of  S.  aureus  Over  the  Period  1968-1975 

The  incidence  of  predominant  staphylococcal  phage  types  recovered  from 
burn  patients  in  the  ISR,  from  1968  through  1975,  is  outlined  in  Figure  1.  The 
types  listed  are,  of  course,  not  the  total  number  of  phage  types  observed,  but 
they  are  the  major  ones  that  have  been  identified.  The  percentage  of  patients 
harboring  a given  phage  type  is  shown  as  the  fraction  of  staphylococcus  positive 
patients  observed;  it  includes  the  entire  block  outline.  The  solid  black  area  is 
the  proportion  of  all  strains  of  staphylococci  reacting  in  that  type  identity  for  that 
year. 


Type  84  was  present  from  1968  to  1970,  but  was  3 relative  minority  of  the 
strains  typed,  it  became  the  predominant  type  in  1971,  and  continued  in  that 
status  through  1974.  In  the  last  year,  1975,  a striking  drop  in  its  incidence 
occurred.  From  a status  of  recovery  of  type  84  in  over  80%  of  patients  in  1971 
and  1973,  it  fell  to  67%,  of  patienis  in  1974;  then  in  1975,  it  was  found  in  only  9% 
of  patients . 

Type  47,54,75,84,85  is  presented  because  of  its  part  in  the  continuing 
rise  and  disappearance  of  phage  tyoes  in  the  burn  patients.  ' . 1970  it  was 
the  predominant  form,  but  in  1971,  it  disappeared  almost  completely . A small 
number  of  strains  were  recovered  through  1974,  but  in  1975,  none  were  found. 

The  close  relationship  of  type  84  with  84,85  has  been  noted  in  earlier  reports. 
84,85  was  found  in  numbers  comparable  to  type  84  in  1968-1970;  it  then  fell  to 
negligible  numbers  unti I 1974,  when  it  was  found  in  34%  of  patients . In  1975, 
however,  it  supplanted  type  84  as  the  predominant  type;  this  transition  was 
abrupt,  and  unprecedented. 
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Non-typable  strains  fluctuated  in  incidence  but  not  to  an  extent  that,  suggested 
any  marked  invasion  of  a strain  not  typable  by  the  current  typing  set.  The 
relatively  large  proportion  (up  to  56%  of  patients  harboring  non-typables  in  1973) 
with  the  low  proportion  of  all  isolates  in  this  category  reflects  the  fact  that  any 
pat'ent  may  harbor  non  typable  strains  but  they  are  seldom  predominant  in  the 
patient  population. 

S.  aureus  Phage  Types  in  the  ISR  Burn  Ward,  1975 

Admissions  to  the  ISR  totalled  295  patients  in  1975.  Among  these,  135  patients 
contributed  staphylococci  from  various  sources,  and  14  patients  admitted  in  late 
1974  were  also  sources  of  isolates.  844  strains  were  thus  collected  from  149 
patients.  Sources  included  wounds,  sputum,  biopsy,  catheter  tips,  urine,  and 
other  sites,  plus  autopsy  tissues.  Phage  types  observed,  by  patient  and  in 
proportion  of  strains,  are  shown  in  Table  1 . This  was  the  first  time  that  type 
84,85  had  predominated  since  these  phages  were  included  in  the  typing  set.  it 
had  appeared  in  1974,  but  was  found  only  in  half  as  many  patients  as  harbored 
type  84.  The  drop  in  occurrence  of  type  84  was  marked  and  dramatic;  only  8,7% 
of  patients  harbored  this  type  in  1975.  Non-typable  (NT)  strains  were  found  in 
40.3%  of  patients;  this  number  has-been  even  higher  in  some  years,  but  the 
proportion  of  total  strains  that  are  NT  is  always  low. 

Phage  type  94,  formerly  designated  as  WH-1,  reached  a significant  level  of 
incidence  for  the  first  time  1974,  when  10. 2%  of  patients  harbored  it.  This  propor- 
tion rose  to  13.4%  in  1975,  and  more  significantly,  the  proportion  of  total  strains 
of  type  94  rose  from  2 . 3%  to  9 . 5%.,  Although  this  strain  was  not  a major  problem, 
it  merits  close  observation  since  the  sequence  of  increasing  incidence  r esembles 
that  W'hich  has  been  seen  with  other  types  in  former  years. 


Table  1.  Predominant  Phage  Types  of  Staphylococcus 
aureus  Strains  from  149  ISRBurn  Ward  Patients,  1975 


Phage  Type 


Patients 


Strai ns 


Per  Cent 


84,85 

75.2 

61.3 

Non-typeable 

40.3 

16.9 

94 

13.4 

9.5 

84 

8.7 

3.8 

29 

3.4 

0.9 

85 

0.8 

83A,85 

2.7 

0.5 

86 


Types  29,  85,  and  83A,85  were  found  in  very  small  numbers.  Their 
presence  confirmed  the  versatility  of  the  typing  system.  The  total  of  typed 
stains  and  unequivocal  NT  strains  made  up  93.7%  of  all  844  strains  collected. 


S.  aureus  in  Septicemia,  ISR,  1975 

The  epidemiologic  pattern  of  staphylococcal  septicemia  and  especially  of 
endocarditis  and  thrombophlebitis  in  ISR  patients  suggests,  on  the  basis  of 
clusters  of  episodes,  that  specific  strains  of  staphylococci  may  at  times  set  up 
circumscribed  local  epidemics.  One  clue  to  the  validity  of  this  hypothesis  would 
be  differences  in  incidence  of  specific  phage  types  from  septic  episodes  in  contrast 
to  the  overall  population  of  staphylococci.  The  bac'teriologic  aspect  of  septicemia 
was  scrutinize  with  this  possibility  in  mind.  There  were  44  patients  with  staphy- 
lococcemia in  1975,  and  142  strains  of  S.  aureus  were  r^overed  in  blood 
jbuitures. 

The  order  of  frequency  with  which  phage  types  were  recognized  is  shown 
in  Table  2.  Phage  type  84,85  was  overwhelmingly  preponderant;  its  incidence 
closely  paralleled  that  found  in  the  total  staphylococcus  population.  In  1974,  it 
was  recovered  from  31%  of  patients  with  staphylococcemia.  The  proportion  of 
non-typable  strains  decreased  from  the  level  which  was  found  in  1974.  Only 
9. 1%  of  patients  had  non-typable  strains  in  blood  culture.  In  contrast  to  the  6. 1% 
of  patients  harboring  such  strains  in  1975,  the  low  level  of  NT  strains  in  blood 
in  1975  suggests  that  this  specific  type  84,85  exhibited  selective  ability  to  Invade 
the  blood  stream. 
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Table 2 • Phage  Types  of  Staphylococcus  aureus  Strains 
from  Blood  Stream  of  44  ISR  Burn  Ward  Patients,  1975 


Phage  Type 

Patients 

Stral ns 

Per  Cent 

84,85 

81.8 

77.5 

NT 

9.1 

4.9 

94 

4.5 

9.2 

29,52 

1.4 

84 

2.3 

1.4 

83A,85 

0.7 

Other 

4.5 

4.9 

t 

t 


i 

t 
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Types  94  and  29, 52  were  each,  recovered  from  4. 5%  of  patients . The  high 
propoi’tion  of  strains  of  type  94.  In  contrast  to  the  low  percentage  of  type  29, 52, 
reflects  septicemia  with  an  unusally  large  number  of  positive  blood  cultures 
from  two  patients  with  bacteremia  due  to  type  94. 

Type  84  was  found  in  only  2.3%  of  patients  which  meant  one  patient  harbored 
this  formerly  predominant  type.  In  1974,  66.6%  of  blood  culture  strains  were  type 
84.  One  patient  harbored  type  83A,  and  two  others  had  one  strain  each  of  other 
t^pes . 

The  chronologic  sequence  in  v/hich  staphylococcal  sepsis  episodes  occurred 
furnished  a basis  for  recognition  of  circumscribed  epidemic  outbreaks.  Such  a 
sequence  is  set  down  in  Table  3.  The  pattern  is  ot»e  of  continuous  occurrence  of 
episodes  of  the  epidemic  type;  other  bacteremia  showed  no  indication  of  clustering 
or  of  individual  outbreaks. 

S.  aureus  from  Lung  Tissue  of  Burn  Patients  at  Autopsy 

Since  pneumonia  constitutes  one  of  the  principal  lethal  complications  in 
severe  burns,  the  identity  of  Staphylococci  involved  in  such  episodes  was  of 
particular  Interest.  The  strains  recovered  from  lung  tissue  at  autopsy  were 
regarded  as  most  significant  In  their  relation  to  pulmonary  involvement.  Twenty- 
six  patients,  dying  with  sev'  re  burns,  yielded  69  strains  of  ^ aurens  from 
lUng  tissue.  The  type  distribution  observed  is  summarized  in  Table  4.  Seventeen, 
or  35.4%  of  the  patients  had  type  84,85  present  in  the  lung.  Non-typable  strains 
were  recovered  from  26.9%  of  the  patients'  lung  samples.  Type  84,  type  85,  and 
type  94  were  recovered  from  4,  2,  and  one  patient  respectively.  The  distribution. 
In  consideration  of  the  small  sample  size,  is  to  be  regarded  as  consistent  with 
that  seen  in  the  blood  stream  isolates.  Titere  was  no  basis  for  assuming  that  a 
distinctive  >ung  infecting  strain  had  been  part  of  the  infection. 


Table  4c  Phege  Types  of  Stjphylococcus  aureus  Strains 
from  I.  issues  of  ISR  3urn  Ward  Patients,  1975 


94 

Other 


Phage  Typt 

Patients 

Strains 

Per  Cent 

84,85 

65.4 

58.0 

NT 

26.9 

20.3 

84 

15.4 

13.0 

85 

7.7 

4.3 

1.4 

2.9 


3.8 


A comparison  of  the  incidence  of  the  principal  staphylococcus  types  in 
blood,  lung  and  other  sites  was  of  importance  in  its  bearing  on  the  relation  of 
specific  epidemic  type  to  invasiveness  or  virulence.  Figure  2 summarizes  this 
information.  The  percent  of  patients  harboring  each  type  in  the  three  categories 
is  represented  by  the  clear  outline.  The  respective  sites  are  differentiated  to 
show  the  percentage  of  strains.  It  was  ovious  that  the  specific  type  84,85  was 
most  frequently  encountered  in  blood;  in  contrast,  septicemic  strains  were 
least  frequently  fouiid  among  non-typable  strains*.  Type  94  was  most  common 
among  other  sou’  ces,  while  type  84  was  most  frequently  found  in  lung  samples. 

Type  29  was  found  neither  in  blood  nor  lung,  while  type  85  was  found  only 
in  lung  tissue  and  other  sources.  The  samples  suggest  that  a tissue  predilection 
differing  with  phage  type  may  exist. 

Chronologic  sequence  of  S.  aureus  Phage  Types,  1975 

The  existence  of  epidemic  strains  as  represented  by  annual  totals  does  not 
convey  valid  information  regarding  progression  of  this  process.  To  elucidate 
the  progress  of  these  staphylococcal  episodes,  the  phage  typing  data  for  all 
strains  charted  by  months,  to  exhibt  patterns  of  appearance  and  disappearance 
of  various  types  Figure  3 summarizes  this  information.  The  predominant  type  was 
84,85,  in  every  month.  Non-typable  strains  were  second  in  frequency  in  each 
month  with  one  episode,  in  June,  when  type  94  was  equally  common.  Type  94 
exhibited  a capacity  for  establishing  limited  increase  in  frequency,  in  four 
additional  mont  is.  in  two  months,  outbreaks  of  type  84  were  concentrated.  The 
remaining  types  were  essentially  scattered,  but  mainly  in  Jan-Mar  and  in  Aug- 
Oct  1975. 

Antibiotic  Sensitivity  of  S.  aureus  Strains,  1970-1975 

The  epidemic  pattern  of  S^  aureus  in  the  ISR  burn  ward  makes  obvious 
the  need  for  effective  control  of  these  infections.  Sensitivity  to  antibiotic  has 
varied  widely  in  this  Institute  over  extended  periods  of  time.,  Methicillin  resistance 
and  associated  decreased  sensitivity  to  wer.tamiacin  and  cephalathin  wa''  more 
extensive  -'lan  has  been  reported  elsewhere.  The  changes  that  have  occurred 
since  1968  are  summarized  in  Table  5.  In  1968,  a high  level  of  sensitivity  to 
metKxillin  and  its  analogues  was  present  in  the  staphylococcal  population.  In 
1969,  a drop  in  proportion  of  isolates  sensitive  to  methicillin  began;  it  reached 
its  lowest  point  in  1972,  when  only  13%  of  staphylococci  were  sensiiive  to  methicillin. 
Oxacillin  and  nafcillin,  although  somewhat  more  effective,  also  became 
Ineffective.  Gentamicin  and  cephalothin  also  became  less  effective.  The  pattern 
chanced  to  reappearance  of  sensitive  strains  in  1973,  an:'  1974.  In  1975,  methicillin 
resistance  reappeared,  although  as  yet  oxacillin  and  nafcill.n  have  not  lost 
effectiveness,  nor  has  cephalothin.  Minocin  resistance  increased  markedly  in 
1975,  and  gentamicin  also  dropped  markedly  in  m vitro  activity  against  staphy- 
lococci. Relatively  new  antibiotics  have  been  added  to  the  test  battery,  and  among 
these,  Vancomycin  has  been  extremely  active  against  strains  thus  far  tested. 
Clindamycin,  first  fes.eci  in  1973,  displayed  a limited  degree  or  effectiveness,  but 
in  1974-1975,  alm>  at  all  strains  tested  were  inhibited.  Tests  with  Vibramycin 
were  in  progress  in  late  1975;  the  results  were  promising  for  in  vitro  effectiveness , 
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Table  5.  Antibiotic  Sensitivity  of  Staph  aureus:  % of  Strains 
Inhibited  by  6.25  ug/mi  or  less 


Antibiotic 

1968 

1969 

1970 

Gentamycin 

- 

52.0 

32.0 

Minocin 

- 

- 

“ 

Methiciilin 

84.6 

25,7 

18.0 

Oxacillin 

80.9 

33.0 

22.4 

Nafcillin 

90.0 

41.0 

33.9 

Cephalothin 

- 

- 

- 

Vancomycin 

- 

- 

Clindamycin 

- 

- 

— 

VIbromycIn 

- 

- 

— 

Year 


1971 

1972 

1973 

1974 

1975 

56.0 

35.6 

67.9 

92.2 

38.8 

- 

51.5 

84.1 

96.0 

46.5 

15.5 

13.1 

50,0 

82.6 

21.8 

20.1 

18.8 

69.7 

65.2 

73.6 

33.0 

26.0 

62.3 

83.3 

85.6 

56.4 

22.6 

72.1 

90.4 

97.2 

- 

- 

- 

- 

100.0 

- 

- 

40.7 

95.8 

98.0 

- 

- 

- 

- 

78.0 

Cumulative  sensitivity  of  Staphylococci  to  antibiotics  illustrates  with 
greater  precision  the  nature  of  sensitivity  to  antibiotics.  Figure  4 shows  the 
sensitivity  of  Staphylococci  to  methiciilin,  oxacillin,  nafcillin  and  cephalothin 
in  1975.  It  was  evident  that  cephalothin  was  by  far  the  most  active  antibiotic  in 
this  group;  methiciilin  was  minimally  effective,  while  oxacillin  and  nafcillin  were 
between  these  two  extremes  of  activity.  The  6.25  mcg/ml  level  denotes  the  upper 
limit  of  inhibition  of  strains  to  be  regarded  as  sensitive.  Figure  5 presents  the 
graphic  expression  of  sensitivity  of  vancomycin,  clindamycin,  minocin  and  genta- 
mycin.  Action  of  both  minocin  and  gentamycin,  the  tetracycline  and  the  aminogly- 
coside, was  minimal;  only  45%  of  strains  fell  below  the  6.25  mcg/ml  level. 

Clindamycin  and  vancomycin  were  the  most  active  antibiotics  available  for 
control  of  staphylococcal  sepsis.  Of  these  two,  vancomycin  has  been  the  drug 
of  choice  in  the  treatment  of  systemic  staphylococcal  disease,  although  it  was 
slightly  less  effective  in  vitro  than  was  clindamycin. 

DISCUSSION 

The  staphylococcal  population  in  the  ISR  burn  ward  has  exhibited  a unique 
and  unprecidented  lability  with  reference  to  methiciilin.  From  a typically  sensitive 
population,  an  almost  completely  resistant  population  emerged  by  progressive 
change  over  a threee  year  period.  Reversal  of  this  pattern  occurred  abruptly  in 
1973;  but  again,  resistance  has  moved  upward  in  1975.  The  degree  of  lability  implied 
in  these  shifts  has  not  been  previously  described.  Cross-resistance  with  tetra- 
cycline, aminoglycoside  and  cephalothins  was  evident  during  these  shifts.  Response 
to  antibiotics  active  in  vitro  continues  to  be  a variable  entity;  this  variation  points 
up  the  need  for  more  effective  guidance  to  antibiotic  therapy. 
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23.  (U)  Extensively  burned  soldiers  have  been  increasingly  colonized  with 
Pseudomonas  aeruginosa  during  the  past  18  months  when  initial  treatment  of  burns  has 
been  primarily  topical  silver  sulfadiazene.  5%  sulfamylon  soaks  are  used  to  prevent 
invasion  of  separating  eschar,  and  hence,  the  environment  offers  continuous  exposure 
to  this  drug.  Sensitivity  or  resistance  of  opportunists  to  this  agent  merits  detailed 
study,  since  control  of  infection  is  a primary  objective  of  combat  casualty  care. 

24.  (U)  Sensitivity  is  assessed  as  MIC,  in  an  agar  dilution  plate.  Values  are 
evaluated  with  epidemi.c  phage  types. 

25.  (U)  75  07  - 76  09  In  1975,  Sulfamylon  sensitivity  for  Pseudorodnas  aeruginosa 
increased  to  correspond  to  the  median  range,  with  a small  but  significant  resistant 
population  which  required  1.25%  or  greater  for  inhibition.  This  confirms  the 
hypothesis  of  the  cluster  of  resistant  strains  developing  in  a transient  manner  in 
topically  treated  wounds. 
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Six  hundred  thirty-seven  strains  of  Pseudomonas  aeruginosa  were 
monitored  for  sensitivity  to  Sulfamylon,  using  an  agar  plate  MIC  dilution 
method.  The  strains  were  more  sensitive  than  the  1972  collection,  and  even 
the  1973  set.  The  median  sensitivity  level  was  0. 125%  over  a 9-year  period 
this  value  had  fluctuated  between  0.008  and  0.316%,  but  the  median  for  3548 
strains  was  0.129%.  Sensitivity  was  correlated  with  predominant  phage  types; 
NT-16  and  H-1  were  sensitive  at  0.625%,  but  the  predominant  type,  E-2,  was 
primarily  sensitive  to  0.039%.  Sulfamylon  may  be  unique  in  permitting  pro- 
longed use  with  no  concrete  proof  that  resistant  variants  are  selected  by  it. 
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SENSITIVITY  TO  SULFAMYLON  OF  PSEUDOMONAS 
AERUGINOSA  RECOVERED  FROM  BURNED  SOLDIERS 


Understanding  of  the  behavior  of  microorganisms  in  response  to  long- 
term exposure  to  an  antibacterial  agent  is  of  basic  importance  In  the  control  of 
nosocomial  infections..  Control  of  infection  in  burns  involves  primarily  topical 
therapy;  presory.  practice  in  the  Institute  of  Surgical  Research  involves  use  pf 
both  Sulfamylon^'  burn  cream  and  silver-sulfadiazine  cream  as  topical  agents, 
with  follow-up  soaks  of  5%  Sulfamylon  used  to  control  invasive  infection  during 
the  period  when  eschar  is  separating  and  intermittent  ddaridement  is  carried 
out  to  ready  the  burn  site  for  skin  grafting.  On  the  basis  of  experience  with 
long-term  use  of  other  antibactoric.:  agents,  it  would  be  expected  that  bacterial 
strains  resistant  to  Sulfamylon  might  be  derived  by  continued  exposure  of  a 
heterogeneous  population  to  this  drug,  and  continued  monitoring  of  Pseudomonas 
aeruginosa  strains  recovered  from  .treated  wounds  has  been  carried  out  since 
the  introduction  of  Sulfamylon  as  a generally  li^ed  medication.  The  topical 
agents  control  other  bacteria  as  well,  but  Ps  aeruginosa  is  probably  the  greatest 
threat  to  the  burn  wound  because  of  its  specificj  proclivity  for  setting  up  inva- 
sive infection  and  wound  sepsis.  This  scrutiny  of  Ps  .aeruginosa  from  a bacterial 
population  exposed  to  a broad  spectrum  antibacterial  such  as  Sulfamylon  is 
also  merited  due  to  the  insight  It  gives  on  mechanisms  of  development  of  resis- 
tance in  general,  and  equally  important,  a view  of  the  absence  of  derived  re- 
sistance among  strains  in  which  It  does  not  appear. 

Technics  of  testing  sensitivity  to  Sulfamylon  have  been  described  (1). 

The  test  is  essentially  seeding  of  agar  plates  containing  serial  dilutions^  of 
Sulfamylon,  and  reading  presence  or  absence  of  growth  as  evidence  of  inhibi- 
tion. 

sensitivity  of  PSEUDOMONAS  AERUGINOSA  TO  SULFAMYLON 

There  were  637  strains  of  Ps.  aeruginosa  tested  in  1975.  This  was  the 
largest  number  collected  in  one  year;  over  the  past  8 years,  the  average 
number  tested  was  363.  Silver-sulfadiazine  was  first  used  extensively  b«r- 
ginning  in  1974  in  the  Institute  of  Surgical  Research;  since  its  use,  the  rate 
of  colonization  of  burns  by  Ps. aeruginosa  has  increased  to  approximately 
twice  what  it  had  been  when  Sulfamylon  was  used  exclusively. 

The  sensitivity  of  the  strains  in  1975  are  set  down  in. Table  1.  For 
comparison,  results  of  tests  foi  the  preceding  4 years  are  presented.  The 
proportion  of  strains  inhibited  at  levels  up  to  0.312%  was  not  markedly 
changed  from  results  recorded  in  1974,  For  the  previous  5 years,  the  sensitivity 
level  has  not  changed  markedly,  although  an  increase  in  strains  requiring 
0.625%  for  inhibition  occurred  during  one  year,  1972. 


1.  Lindberg  RB,  Calvert  J,  Brame  RE,  Dent  R:  Sensitivity  of  burn 
wound  flora  to  Sulfamylon.  USA  Surg  Res  Ann  Rpt  FY  1965,  BAMC,  Ft  Sam 
Houston, Tx.  Section  15. 
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Cumulati>'e  sensitivity  to  Suifamylon  offered  a clearer  picture  of  the 
behavior  of  Ps  aeruginosa  toward  this  drug.  The  information  is  presented  in 
Table  2,  for  years  from  1967  through  1975.  Inhibition  was  complete  at  0.625% 
and  almost  total  at  0.312%  from  1968  through  1970.  From  1971,  onward  a 
slight  increase  in  resistance  to  Suifamylon  has  been  manifest.  There  was  a 
sharp  rise  in  1972,  when  over  half  the  strains  tested  required  0.625%  for  in- 
hibition, but  this  figure  subsided  to  a level  of  between  80  and  85%  inhibited 
by  0.312%  from  1973  through  1975.  The  sensitivity  has  remained  relatively 
constant  since  1972. 

Median  sensitivity,  the  level  at  which  50%  of  strains  are  inhibited, 
offered  another  measure  of  the  behavior  of  Ps.  aeruginosa  in  relation  to  the 
long-term  exposure..  These  figures  are  presented  for  1967  through  1975  in 
Table  3.  After  continuous  exposure  to  the  drug  for  over  10  years,  the  Pseudo- 
monas population  was  still,  and  for  the  past  3 years,  has  been  remarkably 
consistent  in  its  response  to  this  drug.  It  is  a cliche  to  speak  of  acquired 
resistance  on  prolonged  exposure  as  being  virtually  a law  of  nature,  but  the 
experience  with  Suifamylon  is  an  exception  to  this  common  experience. 

Graphic  representation  of  cumulative  sensitivity  levels  since  1971 
makes  more  evident  the  consistency  of  behavior  of  Ps  aeruginosa  toward 
Suifamylon  (Fig.  1) . Out  of  the  years  shown,  in  3 the  sensitivity  curve  was 
virtually  identical.  The  marked  shift  in  sensitivity  in  1972  was  returning  to 
this  norm  during  1973,  to  account  for  the  right  shift  in  sensitivity  during  that 
year. 


Throughout  studies  of  the  role  of  Ps . aeruginosa  as  a pathogen  in 
burns,  the  importance  of  recognizing  individual  strains  in  relation  to  a given 
attribute  has  been  demonstrated.  Phage  type  identity  of  strains  of  Pseudomonas 
was  correlated  with  sensitivity.  It  was  shown  that  certain  types,  present  in 
micro-epidemic  populations  of  bacteria,  were  consistent  in  sensitivity. 

Sensitivity  to  Suifamylon  was  not  uniformly  distributed  over  the 
bacterial  population.  Some  strains  were  quite  specific  and  consistent  in 
sensitivity  to  Suifamylon.  Other  types  were  less  consistent  in  their  behavior 
with  this  drug.  The  results  with  4 major  strains  which  typed  only  with  undi- 
luted phage  (the  NT-strains)  are  shown  in  Figure  z.  NT- 16  and  NT- 16V  (a 
varient  pattern)  showed  a relatively  wide  range  of  serisitivity , as  did  NT-19V. 
NT-19  and  NT-22,  however,  showed  a preponderance  of  strains  inhibited  at 
one  particular,  level,  0.312%  for  NT- 19  and  0. 1 56%  for  NT- 22  . 

Strains  reacting  with  Routine  Test  Dilution  in  phage  typing  behaved 
in  a manner  comparable  to  the  NT-types.  Table  4 shows  the  behavior  of  2 
predominant  phage  types.  H-1  included  35  strains  inhibited  at  the  relativc'ly 
high  level  of  0.625%.  However,  there  were  also  12  strains  of  H-1  more  sensi 
five  to  Suifamylon.  The  attribute  is  strain-related  but  not  absolute.  The  E-2V 
strain  was  mainly  more  sensitive,  with  15  strains  out  of  19  inhibited  by  0 . 039',’ 
or  less . 


Phage  type  E-2  (type  24  in  phage  number)  was  highly  sensitive  to 


Table  3.  Median  Value  of  Pseudomonas  aeruginosa 
Sensitivity  to  Sulfamylon:  1967  - 1975 


Year 

No.  of 
Strains 

Median  Inhibitory  Level 
% Concentration 

1967 

471 

0.083 

1968 

294 

0.136 

1969 

385 

0.176 

1970 

296 

0.060 

1971 

280 

0.125 

1972 

463 

0.316 

1973 

285 

0.111 

1974 

437 

0.086 

1975 

637 

0.125 

Total: 

9 Years 

3548 

0. 129 
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Tabic  4. 

SULFAHYLON  SFNSITIVITY  REACTION  OF  VARIOUS 
FREOONINANT  PHAGE  TYPES  - 1975 


ISOLATES  WITH  INHIBITING  CONCENTRATIONS  AT 


12  0.1 


1 

Tout  each 

12  6 1 1 

inhi b I ted 
strain 

'^Concentration  In  gms  Sulfamylon/lOO  ml 


Suifamyion.  Eighty  out  of  83  strains  were  inhibited  by  0.039%  or  less;  of  these 
68  were  inhibited  at  that  level,  as  shown  in  Table  5.  The  consistency  of  be- 
havior of  an  epidemic  strain  is  clearly  demonstrated  here.  Routine  testing  for 
antibiotic  sensitivity  does  not  segregate  individual  strains;  the  data  shown  here 
is  unusual  because  it  is  not  often  collected.  However,  the  actual  pattern  of 
antibiotic  sensitivity  in  nosocomial  infections  may  be  equally  consistent.  The 
study  here  reported  may  wed  serve  as  a model  for  specific  strain  sensitivity 
of  other  species  of  bacteria,  if  adequate  sorting  criteria  were  collected . This 
strain-linked  sensitivity  component  prompts  investigation  of  other  species  for 
further  clues  to  antibiotic  action. 
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23.  (U)  The  severely  burned  patient  is  extremely  susceptible  to  opportunistic 
bacterial  invasion,  and  topical  bacteriostatic  therapy  has  been  established  as  a 
sine-gua-non  of  effective  treatment.  However,  invasive  infection  with  a succession 
of  species  of  opportunistic  normal  flora  has  come  to  represent  the  principal  cause  of 
death  in  such  injury.  Ongoing  monitoring  is  essential  to  obtain  a valid  pietture^of 
the  constantly  changing  pattern  of  lethal  infection  in  burns,  a major  problem  in 
millteury  medicine. 

24.  (U)  Wound,  sputum,  blood,  urine,  biopsy  and  catheter  cultiures,  plus  quantitative 
autopsies  eure  used  and  collated. 

25.  (U)  75  07  - 76  09  Rise  in  Staphylococcus  aureus  of  a single  phage  type  has  been 
shown.  Increase  in  Pseudomonas  aeruginosa  and  Klebsiella  pneumoniae  occurred;  a 1974 
eoidanic  of  Enterobacter  cloacae  declined,  as  did  all  bu^  a remnant  of  the  recent 
lethal  problem  species,  Providencia  stuartii.  Findings  serve  to  ouide  therapy  and  to 
aid  in  developing  a more  versatile  burn  wound  infection  model  in  animals. 
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Bacterial  sepsis  has  continued  as  the  major  cause  of  morbidity  and  death 
in  burns  in  1975.  Principal  offending  species  included  Staphylococcus  aureus, 
Klebsiella  pneumoniae  and  Pseudomonas  aeruginosa.  K.  pneumoniae,  although 
not  a newcomer  in  the  area  of*  burn  inflection,  increased  to  a striking  degree  as 
a cause  of  wound  sepsis;  it  literally  replaced  Enterobacter  cloacae, the  previous 
epidemic  species,  in  early  1975.  Ps.^ruginosa  was  higher  in  Incidence  than 
was  the  case  when  topical  Sulfamylon”  was  used  exclusively  in  the  ISR;  Its 
recurrence  has  accompanied  the  routine  use  of  silver-sulfadiazine  as  the  pri- 
mary topical  agent  now  used  in  the  ISR.  Self-limited  outbreaks,  epidemic  in' 
pattern,  occurred  with  Serratia  marcescens  and  Escherichia  coli;  these  episodes 
are  reminders  that  such  forms  are  potential  epidemic  agents,  as  far  as  any 
control  measures  for  limiting  their  spread  are  currently  concerned. 
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PATHOGENESIS  OF  BURN  WOUND  INFECTION: 

BACTERIAL  FLORA  OF  WOUNDS  OF  MILITARY  PERSONNEL 
RECEIVING  TREATMENT  WITH  SULFAMYLON  OR  SILVER- SULFADIAZINE 


The  incidence  of  invasive  burn  wound  sepsis  has  been  strikingly  lowered 
during  the  past  12  years,  by  use  of  effective  topical  chemotherapy  on  the  burn 
wound.  This  reduction  was  primarily  due  to  control  of  Pseudomonas  aeruginosa. 
However,  since  1969  a continued  high  level  of  sepsis  in  burned  patients  has  pre- 
vailed, with  a variety  of  opportunistic  pathogens  which  include  Staphylococcus 
aureus  and  Enterobacteriaceae  spp  as  the  offending  organisms.  Pseudomonas 
has  not  been  eliminated,  although  it  seldom  causes  primary  invasive  wound 
sepsis  when  adequate  topical  therapy  is  used.  Pseudomonas  wound  infection, 
especially  in  terminally  ill  burn  patients.  Is  common  but  presently  resembles 
more  an  opportunistic  invasion  rather  than  a specific  infectious  process.  In 
burn  deaths  which  occur  more  than  3 weeks  post  injury,  extensive  proliferation 
of  gram-negative  bacilli  occurs  In  those  patients  who  develop  septic  shock.  This 
terminal  overgrowth  of  bacteria  in  the  wound  usually  Is  made  up  of  several 
species.  Use  of  appropriate  antibiotics  has  not  appeared  to  improve  survival 
in  these  conditions. 

A previous  report  ^ has  pointed  out  that  the  potentially  infected  burn  sur- 
face, modified  by  such  antibacterial  agents  as  Sulfamylon  or  silver  sulfadiazine, 
harbors  a bacterial  population  which  can  vary  widely  In  the  species  present,  and 
In  harboring  a wide  variety  of  phage  types  of  PSj^  aeruginosa.  Both  topical 
agents  are  used  extensively,  and  as  with  any  broad  spectrum  antimicrobial 
agent,  the  wound  flora  is  unquestionably  modified  as  to  identity  by  the  presence 
of  these  agents . A succession  of  opportunistic  Invaders  has  occurred  over  the 
past  7 or  8 years;  the  conspicuous  new  eoidemic  species  In  1975  was  Klebsiella 
pneumoniae. 

ANTEMORTEM  BACTERIOLOGY  OF  BURN  PATIENTS.  1975 

The  bacteria!  flora  and  yeasts  recovered  from  7 major  sites  in  clinical 
specimens  are  shown  in  Table  1.  Two  hundred  and  forty-five  patients  were 
admitted  in  1975,  but  26  of  these  had  no  cultures  taken.  The  information  shown 
here  represents  organisms  recovered  from  cultures  from  219  patients . Blood 
cultures  were  the  most  frequent  category  of  specimens  and  were  collected  on 
92.6%  of  all  patients  cultured. This  emphasis  reflects  the  concern  regarding 
sepsis  as  the  major  prot  em  in  microbiology  of  burns . Out  of  all  specimens  sub- 
mitted 47,8%  were  blood  cultures.  The  largest  number  of  organisms  recovered 
came  from  sputum  and  Luken's  tube  cultures.  Together  with  wound  cultures. 


1,  Lindberg  RB,  Contreras  AA,Latta  RL, Smith  HOD, Jr, Zamora  DT: 
Pathogenesis  of  burn  wound  infection:  Bacterial  flora  of  wounds  of  military  per- 
sonnel receiving  treatment  with  Sulfamylon  c'’  silver-sulfadiazene.USA  Inst 
Surg  Res  Ann  Res  Prog  Rpt  FY  1975,  BAMC,  Ft  Sam  Houston,  Tx.  p.  121 . 
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Table  1.  ^ntemortem  Bacteriology  of  Burn  Patients,  197S 


Source  and  Number  of  Isolates 


Organism 

Wound 

surface 

Blood 

Lukens 

Sputum 

Urine 

I.V.- 

Cath. 

l^oley 

Cath. 

Biopsy 

Totel 

Isolates 

S.  aureus 

277 

174 

267 

27 

57 

17 

42 

861 

epidermidis 

42 

14 

71 

28 

13 

5 

8 

181 

Alpha  hemol-strep. 

24 

0 

249 

6 

1 

1 

0 

281 

Bela  hemol-strep. 

4 

0 

1 

3 

2 

1 

0 

11 

Non  hemol-strep. 

94 

12 

163 

69 

14 

24 

13 

389 

Corynebacterium  sp. 

0 

0 

2 

0 

0 

0 

0 

2 

Bacillus  sp. 

IS 

2 

6 

1 

8 

2 

1 

35 

Pseudomonas  sp. 

283 

101 

320 

120 

68 

SO 

83 

1125 

Mima- Herel  lea  gp. 

11 

0 

19 

1 

0 

0 

0 

31 

K.  pneumoniae 

209 

179 

395 

164 

71 

S3 

46 

1117 

Entero.verogenes 

2 

0 

6 

0 

0 

0 

0 

8 

cloacae 

107 

55 

43 

58 

17 

22 

11 

313 

Serratia  marcescens 

16 

29 

SO 

27 

10 

5 

8 

145 

liquefaciens 

0 

0 

0 

1 

0 

0 

0 

1 

E.  coli 

72 

8 

111 

48 

6 

32 

17 

294 

Citrobacler  sp. 

4 

0 

5 

0 

1 

1 

0 

11 

Prot.  mirabilis 

SS 

8 

39 

20 

6 

8 

12 

148 

morganii 

2 

0 

3 

0 

0 

1 

0 

6 

reltgerii 

0 

0 

0 

3 

0 

0 

0 

3 

vulgaris 

1 

0 

0 

1 

0 

0 

0 

2 

Prov.stuarlii 

24 

3 

30 

10 

5 

7 

2 

81 

Neisseria  sp. 

1 

0 

11 

0 

0 

0 

0 

12 

Candida  spp. 

SS 

2 

S3 

75 

18 

9 

7 

219 

No. patients  cultured 

176 

203 

133 

157 

170 

120 

63 

No.  of  specimens 

1257 

3288 

803 

738 

471 

194 

135 

Total  isolates 

Total  specimens  6886 

Total  patients  on  whom 
one  or  more  cultures 
were  done 
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these  cultures  offered  definitive  information  as  to  the  source  of  invasive  sepsis 
when  i^  occurred.  S.  aureus  was  the  principal  gram-positive  organism  on 
burn  patients.  Among  gram-negative  species,  Ps.  aeruginosa  and  K.  pneumoniae 
were  recovered  in  equal  numbers,  and  were  by  far  the  most  common  gram- 
negative bacilli.  Enterobacter  cloacae,  which  had  been  the  predominant  species 
in  1974,  became  uncommon  in  June  1975,  after  an  unprecedented  predominance 
in  the  burn  ward  for  a year  and  a half. 

Chronologic  changes  in  proportion  of  prominent  species  are  shown  in 
Table  2 . Comparison  of  strain  incidence  is  shown  in  terms  of  percent  of  al  I 
isolates  recovered  in  1975.  Ps.  aeruginosa  increased  markedly  in  incidence; 
the  incidence  in  the  previous  5 years  was  an  average  of  12.8%,  while  sn  1975, 

21 . 4%  of  isolates  were  Pseudomonas . 1^  pneumoniae  was  recovered  on  a 5 
year  average,  from  1 1%  of  clinical  specimens  prior  to  1975;  in  that  year,  21 . 4% 
of  specimens  were  positive  for  Klebsiella.  The  other  species  which  showed  a 
striking  change  was  Providencia  stuartii  which  was  present  in  only  1 . 5%  of 
the  clinical  specimens.  Its  numbers  had  decreased  steadily  since  its  high  point 
in  1972,  when  23.1%  of  clinical  specimens  harbored  this  unusual  opportunistic 
pathogen . 

Entero.  cloacae  was  ihe  n.ost  recent  example  of  a species  of  normal 
intestinal  flor^  which  had  assumed  epidemic  proportions  as  a burn  wound  in- 
vader, in  1974.  In  early  1975,  after  a virtual  crescendo  of  cross-infection,  it 
suddenly  became  relatively  uncommon  in  burn  patients. 

The  number  of  isolates  of  each  species  offers  an  indication  of  the  relative 
frequency  of  occurrence  of  these  opportunistic  offenders,  but  does  not  indicate 
how  many  patients  were  involved  with  a given  species.  The  sites  cultured  and 
the  incidence  of  patients  positive  for  a given  site  are  summarized  in  Table  3. 

Not  unexpectedly,  staphylococci  were  most  common  on  the  burn  itself.  Blood, 
sputum  and  urine  were  the  sites  most  often  positive  for  K.  pneumoniae.  Pseudo- 
monas was  most  common  in  biopsies,  which  are  more  significant  than  surface 
cultures  in  defining  burn  wound  flora.  In  contrast  to  previous  years,  Entero. 
cloacae  decreased  from  third  to  sixth  rank  in  frequency  in  various  specimen 
sources.  Ps.  aeruginosa  w.  far  more  ubiquitous  than  it  had  been  in  the  recent 
past,  and  pneumoniae  in(-reased  in  incidence  as  an  opportunistic  invader 
over  the  previous  3 years. 

BURN  WOUND  BACTERIOLOGY 

The  source  of  bacterial  sepsis  in  a severely  burned  patient  is  often 
obscure.  The  burn  wound  itse.f  is  frequently  described  as  the  entry  point  for 
bacteria,  and  in  the  specific  instance  of  Pseudomonas  burn  ^ound  sepsis,  the 
pathognomonic,  lesion  can  be  demonstrated  microscopically.  However ,oppor- 


1 . Lindberg  RB, Mason  AD, Jr , Pruitt  BA,  Jr:  Providencia  stuarti i as  a 
major  factor  in  burn  wound  infections.  Am  Soc  Microbiol  1973  1 30  (abstr) . 

2.  T-iplitz  C,  Davis  D,  Mason  AD,Jr,Moncr>ef  JA  Pseudomonas  burn  wound 
sepsis. I . Pathogenesis  of  experimental  burn  wound  sepsis  .J  Surg  Res  4.  200,  1964. 
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Table  2.  Predominant  Species  Among  isolates  from  Clinical  Specimens 

1970-1975 


Table  3.  Antemortem  Burn  Patients  Cultured,  1975 


Source  and  Number  of  Patients 

Positive  on  Culture 

Organism 

Wound 

Surface 

Blood 

Luken's 

Sputum 

Urine 

I.V. 

Cath. 

Foley  Bi 
Cath. 

opsy 

S.  aureus 

103  (1) 

45  (2) 

77  (3) 

22(6) 

38 

15 

27 

(3) 

epidermidis 

32 

6 

38 

19 

12 

15 

5 

Alpha  hemol-strep 

21 

0 

88 

5 

1 

1 

0 

Beta  hemol'Strep 

3 

0 

3 

3 

2 

1 

0 

Cp  A Strep. 

0 

0 

3 

0 

0 

0 

0 

Non  hemol-strep 

46 

5 

59 

42 

14 

24 

Corynebacterium  so 

0 

0 

2 

0 

0 

0 

0 

Bacillus  sp.; 

9 

1 

5 

1 

7 

2 

1 

Pseudomonas  sp. 

101  (2) 

39  (3) 

87  (2) 

56  (2) 

50 

33  (2) 

41 

(1) 

Mima-Hereltea  gp. 

9 

1 

9 

1 

0 

0 

0 

(2» 

K.  pneumoniae 

83  (3) 

55  (i) 

92  (1) 

78  (1) 

48 

43  (1) 

28 

Entero.  aerogenes 

2 

0 

3 

0 

0 

0 

0 

(5) 

cloacae 

49  (4) 

2S  (4) 

23  (6) 

31  (4) 

17 

22  (3) 

9 

Serratia  marcescens 

13 

7 

14 

16 

7 

5 

4 

liquefaciens 

0 

0 

0 

1 

0 

0 

0 

E.  coll 

42 

9 

33 

28 

6 

24 

1 2 

Citrobacter  sp. 

4 

0 

4 

0 

1 

1 

0 

^ot.mirabilis 

26 

4 

10 

12 

5 

6 

morganii 

2 

0 

3 

0 

0 

1 

0 

rettgerii 

0 

0 

0 

2 

0 

0 

0 

vulgaris 

1 

0 

0 

1 

0 

0 

0 

1 

Prov.  stuartii 

15 

2 

11 

4 

5 

6 

Neisseria  sp. 

1 

0 

11 

0 

0 

0 

0 

Candida  sp. 

31 

2 

27 

29 

10 

16 

Total  patients 

Samples 

176 

203 

133 

157 

170 

i20 

bi 

__ 

( ) relative  frequency  of  patients  positive  from  this  site. 
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tunistic  species  of  Enterobacteriaceae,  which  so  often  cause  lethal  sepsis  in 
severely  burned  patients,  do  riot  exhibitjunequivocal  sub-dermal  invasion 
nor  has  it  thus  far  been  possible  to  created  ham.j^und  sepsis  model  in 
animals  for  any  bacterial  species  except  Ps.  aerugiridsa.  The  wound  surface 
is  certainly  the  most  plausible  site  to  exhibit  bacterial  populations  which  are 
altered  by  topical  agents,  and  observations  summarized  in  this  report  indi- 
cate that  this  may  well  have  occurred  with  the  change  in  the  Institute  of 
Surgical  Research,  from  Sulfamylon  to  silver-sulfadiazine  as  the  principal 
topical  agent  in  eariy  treatment  of  the  burn  wound.  The  environment  con- 
tinued to  include  the  effect  of  Sulfamylon  on  the  burn,  sin:e  5%  Sulfamylon 
soaks  have  continued  in  extensive  use  as  a means  of  controlling  bacterial  pro- 
liferation during  the  period  of  eschar  separation  in  the  burn.  Burn  wound 
surface  flora  was  determined  on  the  basis  of  cultures  on  176  out  of  the  245 
(71.8%)  patients  admitted.  The  proportion  of  patients  cultured  out  of  all 
patients  admitted  has  tended  to  become  less  with  the  increasing  awareness 
that,  i’n  the  two  extremes  of  minor  injury  and  of  massive  burns, the  identity 
of  th(.  bacterial  flora  in  the  burn  is  of  little  value  as  a guide  to  therapy. 

Bacterial  species  recovered  from  burn  wounds,  either  from  the  wound 
surface  or  from  biopsy,  are  summarized  in  Tabie  4,  The  highest  inciderice 
of  colonization  occurred  with  S.  aureus  and  Ps.  aeruginosa,  with  each  of 
these  species  recovered  from  over  half  of  the  patients  cultured.  The  pre- 
dominant form  of  Staphylococcus  was  type  84,85;  however,  in  terms  of  overall 
incidence,  there  were  25%  fewer  patients  with  staphylococcal  colonization.^ 
Staphylococcus  epidermidis  appeared  in  fewer  than  20%  of  patients  as  had  been 
the  case  in  earlier  years.  Non-hemolytic  streptococci,  primarily  group  D,were 
also  relatively  infrequent  in  occurrence.  The  incidence  of  non-hemolytic 
streptococci  is,  on  an  annual  basis,  relatively  consistent. 

K.  pneumoniae  was  the  tnird  most  common  species  recovered  from  the 
burn  wound,  and  was  found  with  twice  the  frequency  observed  in  wounds  in 

1974.  In  this  respect  it  crowded  out  Entero.  cloacae  which  was  recovered 
from  27.8%  of  the  patients  in  contrast  to  the  44.4%  found  positive  in  1974.  The 
other  striking  change  in  wound  flora  was  the  marked  decrease  in  Prov. 
stuartii , which  appeared  on  wounds  of  only  8.  5%  of  patients,  from  an  incidence 
of  41 . 6%  in  197‘i.  This  erstwhile  epidemic  pathogen  became  almost  a rarity  in 

1975.  Other  enleric  species,  Escherichia  coli  and  Proteus  mirabilis,  have  been 
recovered  from  fewer  than  1 out  of  5 burned  patients. 

One  organism  which,  although  usually  rare  on  burn  wounds  is  continually 
sought,  IS  the  group  A beta-hemolytic  streptococcus.  There  is  a sound  basis 
for  this  surveillance;  although  it  can  be  readi  ly  control  led  by  penicillin,  these 
streptococci  can  rapidly  destroy  autograft  if  they  seed  the  wound.  When  it 
appear',  on  the  burn  ward,  in  any  individual,  it  tcost  be  eradicated  by  antibio- 
tic prophylaxis,  and  survey  of  the  population  is  called  for.  Table  5 illustrates 
the  wide  fluctuation  in  incidence  of  group  A streptococci  that  has  been  obser\'ed 
since  1969.  There  were  two  years,  1972  and  1974.  in  which  relatively  large' 
numbers  of  patients  were  colonized  with  group  A streptococci.  In  1975,  only 
3 strains  were  recovered.  None  of  these  involved  an  actual  wound  infection, 
and  each  w'as  eradicated  promptly  by  administration  of  penicillin.  However, 


118 


Table  4.  Burn  Wound  Surface  Flore  in  176  Patients 

ISR,  1975 


Species 

No. of  Strains 
Recovered 

No. of  Patients 
Positive  on 
Burn  Surface 

% of  Cultured 
Patients 
Positive 

S.  .aureus 

277 

103 

58.5 

epidermidis 

42 

32 

18.2 

Strep,  non-hemolytic* 

94 

46 

26.1 

K.  pneumoniae 

209 

83 

47.2 

Enterobacter  cloacae 

107 

49 

27.8 

E.  coli 

72 

42 

23.9 

Proteus  mirabilis 

55 

26 

14.8 

Providencia  stuartii 

24 

15 

8.5 

Pseudomonas  sp. 

383 

101 

57.4 

the  potential  emergence  of  streptococci  in  a burn  population  requires  continuing 
monitoring  of  this  species. 


Table  5.  Incidence  of  Croup  A Streptococci  on 
Burn  Wounds 


Year 

No.  of  Strains  of  Croup  A 
Streptococci  Recovered 

1969 

8 

1970 

2 

1971 

1 

1972 

56 

1973 

3 

1974 

30 

1975 

3 

RESPIRATORY  TRACT  FLORA  IN  BURNS 

Pneumonia  is  a major  threat  in  the  severely  burned  patient.  The 
bacterial  species  associated  with  pulmonary  complications  are  those  that 
also  colonize  the  burn  wound,  although  the  proportional  distribution  of 
species  may  vary  from  that  seen  on  the  burn.  There  were  803  Specimens 
of  sputum  cultured  from  133  patients  in  1975.  Thus,  54.2%  of  patients  admitted 
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had  at  least  one  sputum  culture.  An  average  of  6 specimens  per  sampled 
patient  were  cultured. 

Trends  in  species  occurring  in  pneumonia  in  the  burned  patient  are 
shown  in  Table  6.  Incidence  of  the  major  species  of  significance  in  the  ISR 
since  1971  are  summarized  here. 


Table  6.  Principal  Species  of  Bacteria  Recovered 
from  Respiratory  Tract  of  Burned  Patients,  1971-1975 


% of  Patients  Exhibiting  Positive  Sputum 

on  Culture 

Species 

1971  T^72  1973  1974 

1975 

S.  aureus 

43.0 

38.5 

56.9 

59.2 

57.9 

K.  pneumoniae 

45. C 

58.8 

60.0 

68.4 

69.2 

Enterobacter  cloacae 

11.0 

27.0 

23.8 

35.7 

17.3 

E.  coli 

27.2 

40.9 

53.8 

33.7 

24.8 

Proteus  mirabilis 

- 

19.0 

10.8 

21 .4 

7.5 

Providencia  stuartii 

33.0 

56.5 

40.8 

59.2 

8.3 

Pseudomonas  sp. 

39.0 

38.5 

36.2 

63.3 

65.4 

Patients  cultured 

94 

122 

130 

98 

133 

An  increase  in  incidence  of  S. aureus  in  sputum  occurred  in  1973, 
and  this  trend  was  continued  through  1975.  This  increase  was  reflected' 
in  a concomittant  rise  in  rate  of  recovery  of  staphylococci  from  the  lung  of 
burn  fatalities  at  autopsy. 

A more  gradual  but  consistent  rise  in  rate  of  recovery  of  K. pneumoniae 
from  sputum  was  evident.  This  species  was  the  predominant  organism  in 
sputum  over  the  entire  5 year  period.  Out  of  72  autopsies  in  which  complete 
cultures  were  made,  40  (55.5%)  showed  1^  pneumoniae  as  predominant  in  at 
least  one  lung  lobe.  Out  of  the  same  series,  31  (43%)  had  one  or  more 
lobes  predominant  for  Ps.  aeruginosa  and  20  (27.7%)  had  S. aureus  pre- 
dominant. The  high  rate  of  recovery  of  Klebsiella  in  sputum  thus  was 
paralleled  by  its  predominance  in  the  lung  tissue  at  death'.  Its  pathogenic 
role  was  more  than  eN^er  predominant  during  1975. 

Ps.  aeruginosa  increased  markedly  from  36.2%  positive  in  sputum  in 
1973  to  64%  in  1974  and  1975.  This  change  coincided  with  the  period  of 
introduction  of  silver  sulfadiazine  as  a topical  agent  in  early  treatment  of 
burns,  and  it  closely  paralleled  the  recovery  rate  of  Pseudomonas  from  burn 
wounds.  The  recovery  rate  was  consistent  for  1974  and  1975. 

Entero,  cloacae  went  from  the  status  of  a very  prominent  species 
in  burn  sepsis  in  1974  to  a low  incidence  in  sputum  and  in  surface  coloni- 
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zation  during  this  period.  The  incidence  in  sputum  in  1975  was  haif  that  found 
in  1974.  Lung  tissue  at  autopsy  showed  a comparable  decrease  in  this  species, 
which  adds  weight  to  the  significance  of  the  sputum  culture  as  an  index  of  in- 
vasive infection  in  the  lung.  Only  3 autopsies  out  of  72  had  Entero.  cloacae 
predominant  in  at  least  one  of  4 lobes  of  the  lungs;  one  of  these  was  predomi- 
nant in  3 lobes.  In  1974,  out  of  74  autopsies  exhibited  a predominance  of  Entero . 
cloacae  in  lung  tissue,  in  the  23  patients  with  positive  sputa  in  1975, there 
were  only  43  specimens  positive. Thus,  even  when  Entero. cloacae  appeared  in 
sputum  it  was  non-persistent. 

SEPTICEMIA  AND  BACTEREMIA  IN  BURNED  PATIENTS 

The  continuing  lethal  problem  in  severe  burns  is  sepsis,  and  in  conse- 
quence the  most  significant  data  regarding  relative  importance  of  opportunistic 
invaders  is  the  population  recovered  in  blood  cultures.  The  impression  remains 
strong  that  the  identity  of  blood  stream  invaders  may  be  a fact  secondary  to 
the  existence  of  an  altered  susceptibility  of  the  host,  so  that  ultimate  control  of 
this  problem  lies  with  preventing  this  collapse  of  defense  capability.  However, 
survival  may  also  be  favorably  enhanced  by  control  of  offending  strains  of 
gram-negative  opportunistic  invaders. 

in  1975,  203  out  of  275  patients  (Table  7)  contributed  blood  cultures  dur- 
ing hospitalization.  One  hundred  of  these  individuals  had  at  least  one  positive 
blood  culture.  There  were  12  genera  or  species  differentiated  among  bactere- 
mic  strains;  only  4 of  *hese  were  of  major  numberical  importance.  K. 
pneumoniae  was  recovered  from  the  highest  proportion  of  patients  positive, 
and  over  three-fourths  of  patients  with  this  species  in  the  blood  stream  expired. 
Mortality  accompanying  gram-negative  bacteremia  has  consistently  been  higher 
than  that  seen  with  staphylococcal  sepsis.  Fifty-seven  per  cent  of  patients  with 
staphylococcemia  expired  in  1974;  the  same  ratio  was  observed  in  1975.  Fatality 
rates  for  patients  with  gram-negative  sepsis  ranged  from  69%  to  78%  for  the  3 
numerically  important  species. 

JSepticemia  in  severely  burned  patients  usually  involves  more  than  one 
species  of  organism  in  successive  cultures.  The  mortality  seen  in  patients 
in  whom  only  one  species  was  recovered  furnish  a more  precise  insight  into 
the  relationship  of  invading  organism  to  outcome.  Only  3 species  of  organism 
were  recovered  as  one-species  bacteremias.  Table  8 summarizes  the  result 
in  these  cases.  Survival  prospects  in  patients  exhibiting  only  staphylococcemia 
were  relatively  favorable.  For  Klebsiella  and  Enterobacter  sepsis,  the  survival 
rate  was  far  less.  The  other  9 species  recovered  from  burn  patients  were 
found  as  part  of  a polymicrobial  septicemia. 

The  total  of  blood  cultures  from  which  the  septicemia  data  was  drawn  in 
1975  was  modified  somewhat  by  a study  conducted  on  the  clinical  service,  in 
which  multiple  blood  cultures  were  drawn  during  manipulations  of  the  wound. 
Surgical  debridement  under  anesthesia  and  hydrotherapy  treatment  were  the 
2 modalities  studied.  It  has  been  assumed  that  septicemia  might  arise  from 
manipulation  of  the  colonized  wound,  which  would  make  more  probable  the 
entrance  of  bacteria  into  the  blood  stream.  These  observations  were  directed 
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Table  7.  Blood  Culture  Isolates  from  203  Burned  Patients, 
1975;  Relation  of  Species  Recovered  to  Mortality 


Table  8.  Bacteremia  with  Only  One  Species  of 
Bacteria  Recovered:  Burn  Patients,  1975 


Species 

No.  Patients 
With  One 
Species 
Recovered 

Average  No. 
Positive 
Blood 
Cultures/ 
Patient 

Deaths 

% Mortality 
For  One 
Species 
Septicemia 

S.  aureus 

12 

3.9 

3 

25.0 

K.  pneumoniae 

16 

3.3 

10 

62.5 

Entero.  cloacae 

3 

1 .9 

3 

100.0 

toward  answering  that  question. 

Twenty-eight  patients  were  sampled  with  from  3 to  8 successive  cultures 
collected  before,  during  and  after  manipulation  of  the  burn  wound.  Of  these  16 
showed  no  positive  blood  cultures  at  any  time  during  their  course,  including 
the  manipulation.  Twelve  patients  had  one  or  more  positive  blood  cultures.  Of 
these,  5 patients,  whose  burns  were  large,  died,  with  an  average  burn  size  of 
63.0%  of  the  body  surface.  The  7 survivors  of  at  least  one  positive  blood 
culture  had  body  surface  burns  averaging  38.9%.  Table  9 compares  the  re- 
sults of  intensive  sampling  before,  during  and  after  manipulation  of  the  burn 
wound,  with  the  blood  stream  flora  indicated  by  cultures  collected  on  the  basis 
of  clinical  status,  on  days  when  no  manipulative  procedures  were  performed. 
Among  the  5 fatal  burn  cases,  the  similarity  of  the  2 sets  of  conditions  was 
obvious;  organisms  recovered  in  the  manipulated  patient  were  quite  compar- 
able to  those  recovered  on  days  when  no  manipulation  occurred.  Among  the 
7 cases  who  survived,  ^ had  no  blood  cultures  positive  under  routine  clinical 
conditions,  but  did  yield  staphylococci  (2  cases) , and  one  patient  each  with 
a Klebsiella  or  a Pseudomonas  strain  recovered.  Such  recoveries  occurred  in  a 
total  of  5 procedures;  a total  of  18  series  of  cultures  were  negative  under 
similar  conditions.  Three  patients  displayed  bacteremia  with  staphylococci 
(2  patients),  Klebsiella  (2  patients)  and  1 Serratia  positive.  Under  manipula- 
tion, the  staphylococcus  appeared  in  2 patients,  while  1 transient  Klebsiella 
bacteremia  yielded  a Pseudomonas  after  manipulation.  The  contribution  of 
this  special  set  of  observations  to  the  total  picture  of  septicemia  in  severely 
burned  patients  was  not  large  enough  to  justify  exclusion  of  these  patients 
from  the  total  for  1975,  and  indeed,  the  implication  that  such  manipulation 
markedly  affected  bacteremia  was  not  strongly  supported.  A slight  increase 
in  variety  of  species  could  be  discerned  in  the  septicemic  patients,  when  they 
were  subjected  to  manipulation,  but  no  persistent  conversion  from  sterile  to 
contaminated  blood  stream  occurred. 

Blood  cultures  in  62  patients,  or  62%  of  those  with  bacteremia,  were 
positive  for  more  than  one  species  in  successive  cultures.  In  some  instances 


Table  9.  Patients  with  Positive  Blood  Cultures  During 
Wound  Manipulation 


Outcome  6 

% Burn 

Cultures  Drawn  Other  Than 

Cultures  Drawn  During 

Patient  No. 

On  Day  of  Manipulation 

Manipulation 

Died 

Organism  Recovered 

Organism  Recovered  No.  of  Culture 

Sets 

Drawn 

1 

57.5 

Klebsiella;  Staph, Pseudo. 

Klebsiella;  Pseudo; 
Serratia;  Proteus 

2 

2 

80.5 

None  collected 

Klebsiella;  Staph. 

1 

3 

89.0 

Staph;  Klebsiella;  Pseudo; 

Serratia;  Proteus;  Pseudo; 

Enterobacter;  Serratia 

E.coli 

2 

4 

47.0 

Staph;  Klebsiella 

Staph;  Pseudo;  Klebsiella 

6 

No  growth 

1 

S 

71.0 

Kleb*  ella 

Klebsiella 

2 

No  growth 

1 

Survived 

6 

54.5 

No  growth 

Staph. 

1 

No  growth 

6 

7 

63.0 

No  growth 

Staph . 

2 

No  growth 

7 

8 

38.0 

No  growth 

Klebsiella 

1 

No  growth 

1 

9 

44.5 

Staph;  Klebsiella 

Staph;  Klebsiella 

4 

No  growth 

10 

39.5 

Staph;  Serratia 
Enterobacter 

Staph;  Klebsiella 

1 

11 

21.0 

Klebsiella 

Pseudo. 

1 

No  growth 

3 

12 

12.0 

No  growth 

Pseudo. 

1 

No  growth 

4 

1 24 


a species  would  appear,  disappear,  then  reappear,  and  in  faially  ill  patients 
a terminal  period  of  mixed  blood  cultures  was  not  uncommon.  The  extreme 
heterogeneity  of  species  observed  in  blood  cultures  is  shown  in  Table  10.  As 
has  been  pointed  out  in  previous  summaries,  the  absence  of  a consistent 
pattern  of  mixed  cultures  is  a conspicuous  feature  of  sepsis  in  the  severely 
burned  patient.  Staphylococci  were  associated  with  19  different  combinations 
of  Enterobacteriaceae  species;  the  most  common  pairing  of  aureus  with 
Entero.  cloacae  or  with  Ps  .aeruginosa  occurred  in  only  4 of  each  out  of  31 
patients.  The  most  common  pair  was  Klebsiella  and  Pseudomonas,  in  8 patients 
out  of  19  with  Klebsiella  bacteremia.  Recurrent  proposals  to  immunize  burned 
patients  to  protect  them  against  bacterial  sepsis  have  been  submitted.  The 
bacterial  flora  of  the  blood  stream  in  these  severely  burned  patients  suggests 
that  this  desirable  end  may  indeed  be  a fond  hope;  while  mobilization  of  ver- 
satile defense  mechanism  against  this  plethora  of  opportunistic  invaders  is 
not  inconceivable,  it  does  not  appear  plausible.  It  is  important  that  the  ubi- 
quitous role  of  staphylococci  in  this  redundant  accumulation  of  species  not  be 
overlooked  in  any  regimen  designed  to  control  sepsis. 

BIOPSIES  AND  BURN  WOUND  FLORA 

Biopsy  as  a diagnostic  procedure  has  become  well  established  technic. 

It  is  used  primarily  to  assess  the  status  of  potential  invasive  wound  infection, 
and  also  to  evaluate  the  degree  of  success  that  therapy  has  attained.  The 
bacterial  population  found  in  sub-surface  tissue  of  the  burn  area  is  not  of 
necessity  a reflection  of  the  surface  colonizing  flora.  The  predominant  organ- 
ism in  a biopsy  sample  of  burn  wound  may  give  a clue  as  to  the  identity  of  the 
most  significant  part  of  the  burn  wound  flora,  as  far  as  potential  invasive  in- 
fection is  concerned. 

Table  11  presents  the  bacteriologic  results  collected  on  biopsies  on  65 
patients  during  1975.  This  was  25.7%  of  all  patients  admitted  in  1975,  and 
contrasts  to  the  71.8%  of  admissions  on  whom  wound  surface  cultures  were 
collected.  The  numerically  important  species  were  Ps.  aeruginosa,  K. 
pneumoniae,  and  S_^ aureus . Non-hemolytic  streptococci,  E.  coli,  and 
Entero.  cloacae  were  present  in  biopsies  on  from  21%  to  14%  of  the  patients. 
When  the  survival  rate  in  relation  to  species  recovered  from  biopsy  was 
assessed,  the  highest  mortality  rates  were  recorded  for  Klebsiella,  E^  coli  , 
and  non-hemolytic  streptococci.  Fatal  outcome  from  Pseudomonas  and  Entero. 
cloacae  were  virtually  identical  in  recovery  at  55.6%  to  56.1%  of  patients 
S.  aureus  was  associated  with  a lethal  sepsis  in  but  44. 4%  of  patients . 

During  the  past  decade  it  has  been  observed  that  major  burn  wound  in- 
fecting organisms  vary  in  identity  over  a long  period  of  time.  Illustrative  of 
this  hypothesis  are  the  sequences  of  Prov.  stuartii , Entero.  cloacae  and  K. 
pneumoniae  that  have  successively  dominated  the  nosocomial  infection 
pattern  in  the  Institute  of  Surgical  Research  since  1969.  Table  12  summar- 
izes the  annual  incidence  of  the  major  species  in  biopsy  samples  and  also 
displays  the  mortality  rate  associated  with  each  spades.  S.  aureus  has  con- 
sistently been  recovered  in  from  40%  to  50%  of  p~  :ents  biopsied.  The  behavior 
of  this  species,  even  when  a succession  of  phage  types  has  been  present. 


125 


Table  10.  Blood  Culture  Isolates  in  Patients  with 
More  than  One  Species  Recovered 


Species  No.  of  Patients 

S.  aureus,  Pseduomonas  sp. 

S.  aureus,  Entero.  cloacae  4 

S.  aureus,  K,  pneumoniae  3 

S.  aureus,  E.  coli  1 

S.  aureus,  K.  pneumoniae,,  E.  coli  2 

S.  aureus,.  K,  pneumoniae,,  Entero.  cloacae  2 

S.  aureus,  Entero.  cloacae.  Pseudomonas  sp.  2 

S.  aureus,  S.  epidermidis,.  Pseudomonas  sp.  1 

S.  aureus.  Pseudomonas  sp.  .Non-hemolytlc  strep.  1 

S.  aureus,.  K.  pneumoniae.  Pseudomonas  sp.  1 

S.  aureus,.  K.  pneumonfae,.  Pseudomonas  sp.,S.  marcescens  1 

S.  aureus,  K.  pneumoniae.  Pseudomonas  sp., Entero.  cloacae  3 

S.  aureus,  K.  pneumoniae.  Pseudomonas  sp.,  Prov.stuartii  1 

S.  aureus,  K.  pneumoniae, Pseudomonas  sp.,  Mima-Hereliea  gp.  1 

S.  aureus,  K.  pneumoniae,  E.  coli,  Prot.  mirabilis  1 

S.  aureus,  K.  pneumoniae,  Entero.  cloacae,  S.  marcescens  1 

S.  aureus,  K.  pneumoniae.  Pseudomonas  sp,  S.  marcescens, Prot. mirabilis  1 

S.  aureus,  K. pneumoniae.  Pseudomonas  sp..  Entero.  cloacae,  non- 
hemolytic strep  1 

S.  aureus,  K. pneumoniae.  Pseudomonas  sp.,  S. marcescens,  Prot. mirabilis, 

E.  coli  1 

K.  pneumoniae.  Pseudomonas  sp.  8 

K.  pneumoniae,  S.  marcescens  1 

K.  pneumoniae,  Entero.  cloacae  4 

K.  pneumoniae,  S.  epidermidis  1 

K.  pneumoniae.  Pseudomonas  sp.,  Candida  sp.  1 

K.  pneumoniae,  Pseudmonas  sp.,  Non-hemolytic  strep.  1 

K.  pneumoniae.  Pseudomonas  sp.,  Entero.  cloacae  1 

K.  pneumoniae,  E.  coli,  Candida  sp.,  S.  marcescens  1 

K.  pneumonia,  Entero.  cloacae.  Pseudomonas  sp. , Non-hemolytic  strep.  1 


Entero.  cloacae,  Prov.  stuartii 
Entero.  cloacae.  Pseudomonas  sp. 

E.  coli.  Pseudomonas  sp. 

E.  coli,  S.  marcescens 

Bacillus  sp.,  S.  epidermidis.  Pseudomonas  sp. 
Non-hemolytic  strep.,  Prot.  mimbilis 

Total  patients  with  2 or  more  species 


No.  of  patients  with  2 species 
No.  of  patiegts  with  3 species 
No.  of  patients  with  a species 
No.  of  patients  with  5 species 
No.  of  patients  with  6 species 

No.  of  patients  with  Entero  cloacae 
S aureus 
Prov  stuartii 
K pneumoniae 
Pseudomonas  sp. 


1 
62 

% of  All  Positives 

35 
14 
10 
2 
1 

26 
32 
2 

38 
35 
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No.  of  SF>ecimens  cofiected:  135 

No.  of  samples  per  patient  (average):  2.1 
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Table  12.  Burn  Wound  Biopsy  Flora:  Species  Incidence  and  Mortality 
1969  as  Compared  with  1971-1975 


is  consistent  with  the  hypothesis  that  it  is  an  endogenous  part  of  the  burn 
flora.  Despite  the  avaiiability  of  antibiotics  effective  against  staphylococci , 

Its  incidence  has  remained  constant.  Although  it  is  ubiquitous,  it  has  not 
increased  in  rate  of  spread  over  the  past  8 years . Prov . stuartii  presents 
the  most  dramatic  example  of  a species  of  Enterobacteriaceae  which  reached 
a high  level  of  spread  in  burn  wounds,  at  the  same  time  when  it  was  a major 
cause  of  sepsis.  It  then  diminished  in  tissues  biopsied,  from  56%  of  patients 
in  1972  to  32%  of  patients  in  1974,  after  which  it  virtually  disappeared  from 
invaded  burn  wounds.  When  it  does  again  appear,  it  is  associated  with  a 
high  mortality  rate.  Entero.  cloacae  was  of  so  little  consequence  in  burn 
patients  that  it  was  not  differentiated  as  a species  until  1973.  In  that  year  it 
was  found  in  20%  of  patients  biopsied.  In  1974  it  was  present  in  almost  half 
of  biopsied  patients,  and  then,  in  1975,  it  virtually  disappeared.  The  14% 
incidence  rate  in  1975  is  made  up  of  the  samples  collected  in  the  first  half 
of  the  year.  Its  implications  with  regard  to  patient  survival  have  remained 
relatively  constant;  over  half  of  the  patients  with  Entero.  cloacae  in  wound 
biopsy  expire.  K.  pneumoniae  became  the  predominant  species  in  1975;  it  was 
found  in  half  the  patients  biopsied,  and  on  a monthly,  not  annual  basis,  it  be- 
came far  more  common  in  the  second  half  of  the  year.  A disturbing  rise  in  mor- 
tality rate,  among  patients  with  Klobsiel la-positive  biopsies  has  occurred; 
among  predominant  organisms  found  in  tissues,  it  was  associated  with  a con- 
tinuously rising  mortality  rate,  which  reached  78. 6%  of  patients  thus  positive 
in  1975. 

KLEBSIELLA  PNEUMONIAE  IN  BURN  PATIENTS 

The  change  from  one  species  to  another  of  opportunistic  invasive  con- 
form bacillus  in  burn  ward  patients  has  prompted  close  study  of  the  offending 
species.  The  emergence  of  IC  pneumoniae  in  1975  was  a classic  example  of  an 
epidemic  of  a pathogen  which  had  not  previously  shown  marked  invasive  poten- 
tial in  burn  wounds.  The  extent  of  involvement  of  burn  patients  With  Klebsiella 
in  various  sites  is  whosn  in  Table  13.  Autopsy  data  from  burn  wound  and  lung 
are  also  presented.  This  predonderance  of  Klebsiella  at  autopsy  adds  weight 
to  the  implication  that  the  antemortem  Klebsiella  bacteremia  was  clinically 
significant  in  the  patients'  demise. 

An  association  between  incidence  of  Klebsiella  sepsis  and  any  increase 
in  seeding  of  the  burn  patient  with  K.  pneumoniae  was  sought.  Table  14 
summarizes  the  incidence  of  Klebsiella  seeding  associated  with  septicemia 
over  the  1971-1975  period.  Seeding  of  the  wound  surface  fluctuated  over  a 
range  of  25%  to  47%;  sputum  cultures  similarly  were  positive  in  from  45%  to 
69%  of  patients.  The  incidence  in  1975  was  the  highest  recorded,  but  it  was 
high  also  in  1974.  Biopsy  cultures,  however,  were  more  consistent  with  the 
rise  in  incidence  seen  in  blood  cultures.  The  conservative  interpretation  of 
these  findings  would  suggest  that,  while  surface  and  respiratory  tract  flora 
varied,  tissue  invasion  as  reflected  in  biopsy  findings  more  nearly  paralleled 
the  rise  in  incidence  of  bacteremia.  The  incidence  of  positive  wound  and 
sputum  cultures  was  sufficiently  hi»^h  to  indicate  that  prompt  and  consistent 
transfer  of  Klebsiella  from  patient  to  patient  in  the  burn  wards  was  occurring. 
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Table  13.  Klebsiella  pneumoniae:  Isolates  from  Clinical  and  Autopsy 

Specimens,  1975 


Table  14.  Per  Cent  of  Patients  Cultured  Who 
Harbored  Klebsiella  pneumoniae,  1971-1975 


Year  Site  and  Per  Cent  Positive 


Wound  Surface 

Biopsy 

Blood 

Sputum 

1971 

25.2 

17.0 

5.0 

45.0 

1972 

43.8 

32.0 

9.5 

58.8 

1973 

33.3 

17.0 

6.6 

60.0 

1974 

25.7 

14.1 

14.4 

68.4 

1975 

47.2 

44.4 

27.0 

69.2 

The  epidemiologic  shift  from  Entero.  cioacae  to  K.  pneumoniae  has  been 
demonstrated  as  the  major  event  in  septic  infection  in  burns  in  1975.  As  a 
corollary,  the  change  in  incidence  of  Entero.  cloacae  in  tissues  and  fluids  of 
burn  patients  has  been  summarized  to  complete  this  sequence,  which  was  not 
only  intrinsically  dramatic  and  unexpected,  but  also  the  most  well  documented 
episode  thus  far  observed,  in  which  2 closely  related  species  acted  in  succes- 
sion to  set  up  epidemics  in  a susceptible  patient  population.  This  occurred 
abruptly  and  resulted  in  a new  nosocomial  infection  of  great  lethality.  Table 
15  shows  the  reciprocal  level  of  Entero.  cloacae  and  K.  pneumoniae  in  various 
sites  in  1974  and  1975.  The  replacement  Enterobacter  by  Klebsiella  was  especi- 
ally notable  in  biopsy,  blood  and  post  mortem  tissues.  Among  the  latter,  the 
reciprocal  replacement  of  Enterobacter  by  Klebsiella  was  numerically  very 
precise. 


Table  15.  Klebsiella  pneumoniae  and  Enterobacter 
cloacae:  Isolates  from  Clinical  and  Autopsy  Specimens 

1974-1975 


Per 

Cent  of  Cultured 

Patients  Positive 

Enterobacter 

cloacae 

Klebsiella  pneumoniae 

Site 

1974 

1975 

1974  1975 

Wound 

35 

27.8 

25.7 

47.2 

Biopsy 

47.3 

14.3 

14.1 

44.4 

Blood 

20.2 

14.3 

14.1 

27.1 

Sputum 

35.2 

17.3 

68.4 

69.2 

Urine 

32.6 

19.7 

27.9 

49.7 

I.V.  Tip 

20.5 

10.0 

13  1 

26.5 

PM*Lung 

30.6 

10.7 

9.5 

36.5 

PM  Liver 

27.5 

2.0 

10.8 

80.0 

PM  Wound 

40.0 

32.0 

36.0 

64.0 

* PM:  post  mortem 
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CATHETER  TIP  CULTURES 


The  etiology  of  intravascular  infection  in  severely  burned  patients  is 
in  most  instances  associated  with  the  indwelling  catheter  as  a source  of  in- 
fection, either  as  an  avenue  for  ingress  of  infecting  organisms  or  as  a nidus 
on  which  circulating  bacteria'may  attach.  I.V.  catheter  tips  are  routinely 
cultured  as  part  of  the  ISR  operation  at  time  of /emoval  from  the  patient. 

Table  16  summarizes  the  observations  on  organisms  recovered  from  this  source. 
Four  hundred  seventy-one  catheter  tips  from  170  burn  patients  were  cultured. 
Ninety-one,  or  53%  , of  these  patients  had  positive  cultures  for  at  least  one  I.V. 
tip.  Numerically  Important  species.  In  order  of  frequency  of  occurrence,  were 
Ps.  aeruginosa  in  55%  of  patients , pneumoniae  (49 . 5%)  and  aureus 
(41 . 8%) . The  high  incidence  of  Ps.  aeruginosa  was  consistent  with  the  inci- 
dence on  burn  wound  cultures  and  biopsies.  It  was  evident  that.  In  this  period, 
a close  correspondence  between  wounds  and  I.V.  catheter  flora  existed,  at  a 
period  when  sepsis  was  predominantly  due  to  Klebsiella.  The  Pseudomonas 
incidence  was  most  plausibly  a reflection  of  burn  wound  colonization  flora. 

Table  16.  Bacterial  Flora  of  I.V.  Catheter  Tips 
from  170  Burn  Patients,  1975 


Species 

No.  Patients 
Positive 

% of  All  Patients 
Positive 

% of  Patients  With 
^sitive  Cultures 

S.  aureus 

38 

22.3 

41.8 

S.  epidermidis 

12 

7.0 

13.1 

Alpha,  hemol. -strep 

1 

0.6 

1.1 

Beta  hemol. -strep 

2 

1.2 

2.2 

Non-hemol  .-strep 

14 

8.2 

15.4 

Bacillus  sp. 

7 

4.1 

7.7 

Ps.  aeruginosa 

50 

29.4 

55.0 

Mima-Herellea  gp. 

0 

0 

0 

K.  pneumoniae 

45 

26.5 

49.5 

Entero.  cloacae 

17 

10.0 

18.7 

S.  marcescens 

7 

4.1 

7.7 

E.  coli 

6 

3.5 

6.6 

Prot.  mirabilis 

5 

2.9 

5.5 

Prov;  Stuart!  i 

5 

2.9 

5.5 

Candida  sp. 

10 

5.9 

11.0 

Citrobacter  sp 

1 

0.6 

1.1 

No.  catheter  tips  cultured:  471 

.Average  catheter  tips  per  patient:  2.7 
No.  of  Patients  with  Positive  Cultures;  91 

DISCUSSION 
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The  period  reviewed  in  this  summary  coincided  with  a major  epidemio- 
logic change  in  the  nature  of  burn  wound  infection  in  the  ISR.  S.  aureus 
remained,  as  it  had  in  recent  years,  an  important  part  of  the  infection  flora 
in  burns  in  this  Institute.  But  the  most  lethal  organism,  and  the  cause  of  a 
major  part  of  sepsis  in  the  severely  burned,  was  K.  pneumoniae..  This 
opportunistic  enteric  species  succeeded  Entero. cloacae  as  the  predominant 
opportunist  in  setting  up  infection  which  could  lead  to  sepsis.  No  other  gram- 
negative species  incited  an  epidemic  of  sepsis  in  1975.  Ps.  aeruginosa,  how- 
ever,  became  more  prominent  than  it  had  in  the  recent  past,  especially  in 
burn  wound  tissue.  The  lessened  anti-pseudomonal  activity  observed  in 
wounds  topically  treated  with  silver  sulfadiazine  compared  with  burns  topically 
treated  with  Sulfamylon  would  appear  to  be  an  explanation  for  this  rise  in 
incidence  of  this  ubiquitous  burn  wound  colonizer.  The  virtual  disappearance 
of  Prov.  stuartii  and  Entero.  cloacae  as  wound  invading  forms  were  the  most 
striking  epidemiologic  events  i;i  1975.  The  possibility  that  other  enteric 
species  may  emerge  as  opportunistic  pathogens  in  the  future  is  real.  Antibiotic 
susceptibility  of  most  of  these  forms  makes  them  potentially  susceptible  to 
chemotherapy,  but  experience  with  sepsis  due  to  Enterobacteriaceae  does 
not  offer  an  ericouraging  prospect  for  future  control  of  infection  in  burns. 
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Continued  application  of  dilute  and  concentrated  bacteriophages  of 
the  ISR  Pseudomonas  aeruginosa  phage  typing  system  has  made  possible  the 
characterization  of  95%  of  i sol ates  from  burn  patients  in  1975.  Pj. 
^^q|ino«a  infection  involved  increasing  numbers  of  patients  annually 
for  the  past  3 years.  In  1975>  1561  strains  were  collected  from  161 
patients;  Type  NT-16,  Ul#  68,  F7)  was  the  most  prominent  epidemic  type, 
continuing  from  1974,  when  it  appeared  abruptly  in  July.  The  second 
most  important  type,  E-2,  (24)  had  previously  been  seen  only  as  a rare 
type»  Types  predominant  in  septicemia  and  in  lung  tissue  at  autopsy  included 
strains  typical  of  the  overall  type  distribution  and  also  strains  v^ich 
were  relatively  more  common  in  blood  and  in  lung  tissue  than  in  the 
Pseudomonas  population  as  a whole.  Epidemic  episodes  extended  over  periods 
from  8 weeks  to  2 years,  depending  on  the  type  causing  infection. 


Pseudomonas 
Phage  typing 
Burn  wound 

Topical  chemotherapy 
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BACTERIOPHAGE  TYPES  OF  PSEUDOMONAS  AERUGINOSA 
FOUND  IN  BURNED  SOLDIERS 


Pseudomonas  aeruginosa  has  shown  a progressive  capacity  for  extension 
as  a nosocomial  pathogen  in  a variety  of  disease  states,  and  on  a world- 
wide basis.  This  extending  involvem^t  is  particularly  disturbing  in 
view  of  the  concomittant  development  of  antimicrobial  agent  resistance 
of  Ps  aeruginosa;  it  has  become  increasingly  apparent  'hat  individual 
successes  have  not  altered  the  potential  gravity  of  Pseudomonas  infections 
in  hospitals. 

Burn  wound  infections  are  one  of  the  most  serious  problems  caused  by 
Ps  aeruginosa,  and  their  role  in  pathdgenesi s of  infection  during  burn 
treatment  hcs  remained  prominent  despite  development  of  effective  topical 
therapeutic  and  systemic  agents  (1,2).  A. burn  ward  such  as  that  of  the 
US  Army  Institute  of  Surgical  Research  offers  significant  advantage  in 
studying  the  Pseudomonas  problem:  The  proportion  of  patients  with  severe 
burns,  at  high  risk  of  developing  invasive  sepsis,  is  large,  and  proximity 
presents  a dismayingly  optimal  circumstance  for  transmission,  so  that  strains 
capable  of  setting  up  an  epidemic  situation  are  offered  the  opportunity  to 
do  so.  Precise  recognition  of  bacterial  strains  of  an  infecting  species  is 
essential  if  the  epidemiology  of  an  ongoing  infection  problem  is  to  be 
assessed.  This  differentiation  not  only  permits  precise  characterization 
of  infections  that  occur,  but  makes  possible  the  selection  of  strains 
which  vary  in  virulence,  invasiveness,  and  response  to  treatment.  Phage 
typing  was  selected  es  the  method  of  choice  for  this  differentiation  (3,4) j 
and  a definitive  set  of  phage  for  this  procedure  was  developed  in  this 
laboratory  and  has  been  in  use  for  15  years.  The  phages  have  been  furnished 
to  other  workers  throughout  the  world,  in  England,  Denmark,  Japan,  Germany, 
and  Australia,  and  the  value  of  the  system  has  now  prompted  the  Center  for 
Disease  Control  (Atlanta)  to  request  a set  of  phages  to  be  used  as  an 
international  definitive  typing  set. 


1.  Lindberg  RB,  Moncrief  JA,  Switzer  WE,  Order  SE,  Mills  W,  Jr:  The 
successful  control  of  burn  wound  sepsis.  J Trauma  55601-616,  1965. 

2.  Curreri  PW,  Lindberg  RB,  DiVincenti  FC,  Pruitt  BA,  Jr:  Intravenous 

administration  of  carbenicil lin  for  septicemia  due  to  Pseudomonas 

aeruai nosa  fol 1 owi no  thermal  injury,  J Inf  Dis  (Suppl)  122:S40-S43,  1970. 

3.  Lindberg  RB,  Latta  RL,  Brame  RE,  Moncrief  JA:  Definitive  bacteriophage 

typing  system  for  Pseudomonas  aeruginosa.  Bact  Proc  1964,  p.8l. 

4.  Lindberg  RB,  Latta  RL:  Phage  typing  of  Pseudomonas  aeruginosa: 

Clinical  and  epidemiologic  considerations.  J Inf  Dis  (Suppl)  130:S33-S42, 
1974. 


137 


METHOD 


Previous  reports  have  presented  the  recognition  of  the  ongoing 
problem  of  the  appearance  of  strains  of  £s  aeruginosa  which  did  not 
react  with  the  Routine  Test  Dilution  of  some  bacteriophages.  These 
non-typable  (NT)  strains  react  vnth  undiluted  typing  fluids,  and  to 
further  the  objective  of  reproducibility  and  continuity  of  results, 
undiluted  typing  was  performed  on  strains  NT  at  RTO.  The  prefix  "NT” 
has  continued  to  be  used  as  the  designation  for  the  type  of  such  strains, 
with  no  evaluation  made  for  individual  strains  as  to  whether  or  not  such 
lysis  constitutes  a pyocin  reaction  as  opposed  to  a phage  lysis. 

Phage  typing  of  Pseudomonas  aeruginosa  from  Burn  Ward  Patients,  1975 

The  number  of  patients  from  whom  Ps  aeruginosa  was  recovered  has 
increased  in  recent  years  as  shown  in  Table  I. 


Table  I.  Pseudomonas  aeruginosa  recoveries 
in  ISR,  1973  - 1975 


Year 

No  Patients 
acini  tted 

No  Patients 
from  whom 
Ps  aeruginosa 
recovered 

No.  Strains 
Ps  aeruginosa 
Collected  for 
Phage  Tvoing 

1973 

?,56 

97 

788 

1974 

244 

116 

1085 

1975 

245 

161 

1561 

During  1975,  1561  strains  of  Ps  aeruginosa  from  161  patients  on  the 
burn  wards  were  collected  for  phage  type  identification.  Sources  included 
blood,  wound  surface,  biopsy,  catfjter,  sputum,  urine  and  other  sources. 

Predominent  phage  types  of  strains  typable  either  at  RTD  or  with 
undiluted  phage,  are  shown  in  Table  2»  The  Phage  Type  Code  (left  column) 
shows  the  assigned  letter-number  designation  which  has  been  developed  to 
facilitate  characterizing  any  given  phage  sensitiviety  pattern.  Recall 
that  "NT"  designates  strains  not  typable  with  dilute,  but  typable  with 
concentrated  phage.  The  phage  type  code  lists  the  phages  reacting}  the 
NT  designation  shows  that  the  reaction  occurs  only  with  undiluted  phage. 
These  patterns  are  marked  with  an  asterisk  (*).  The  proportions  of 
patients  harboring  one  of  the  principal  types  is  greater  than  100%,  because 
of  multiple  types  being  found  on  one  patient.  !n  terms  of  proportion  of 
strains  belonging  to  a given  type,  the  9 patterns  which  were  distinguished 


1 


Included  6k»7%  of  all  strains  tested*  The  remaining  15*^  of  strains 
were  distributed  over  a large  number  of  minor  types*  Any  types  found 
in  fewer  than  8 persons  were  not  included;  this  practice  prevents  the 
inclusion  of  an  unwieldy  number  of  strains  of  minor  numerical  importance* 


Table  2.  Predominant  Phage  Types  of  1,561  Pseudomonas  Strains 
from  161  ISR  Burn  Ward  Patients,  1973 


Phage 

Type 

Phage  Type 

Patients 

Strains 

Code 

Per  Cent 

NT-16 

Non-typeable 
* (21),68,(F7) 

36.6 

20*0 

E 2 

24 

33.5 

17.0 

HT-19 

Non-typeable 
* (21), 24, 44,1214,68 

30.4 

11.8 

NT -22 

Non-typeable 

* 44, 1214,68,(109), 352,F8 

29.2 

18.0 

H 1 

1214 

14.9 

NT-24 

Non-typeable 
* (31),68 

11.2 

E 2'' 

24  or  Non-typeable 
* (24) 

10.5 

NT-3 

Non-typeable 

* (21), (24), (44), 1214, (68), 109,352, (F7),F8 

2.0 

NT-23 

Non-typeable 
* (21 ),68 

0.9 

► * Phage  Type  using  undiluted  phage 
( ) Variable  reaction 


Nine  separate  types  of  Ps  aeruginosa  played  major  roles  in  burn 
wound  infection  during  1975.  Three  types,  representing  58.9  of  the 
strains  listed,  reacted  at  the  RTO;  the  remaining  6 types  were  recognized 
only  in  undiluted  (NT)  reaction*  In  the  case  of  E-2  and  E~2'^,  two 
distinct  levels  of  r activity  were  observed  with  these  two  strains*  They 
are  entered  as  two  distinctive  types  in  view  of  morphologic  differences 
in  reaction*  E-2^^  strains  fluctuated  in  their  reaction  with  phage  type  24, 
while  E-2  strains  were  consistent  in  level  of  sensitivity  and  in  exhibiting 
a charaoterir  ic  plaque  reaction  in  RTD  typing* 

The  most  prevalent  straiii  of  Ps  aeruginosa  1975  was  NT-16,  reacting 
with  21,  68,  F7  phages.  This  was  a relatively  new  type,  first  observed 
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In  July  1974.  It  rapidly  occupied  a predominant  position  on  burn  patients 
and  in  1975*  ’was  the  most  pervasive  strain^  on  36*6%  of  the  patients 
positive  for  PseudomonaSf  and  with  one-fifth  of  all  isolates  typed. 

Phage  type  E-2,  reacting  with  phage  24,  was  the  second  most  common 
type  in  1975*  This  type  had  been  observed  as  a rare  type  in  earlier  years, 
although  at  least  since  1970.it  had  never  been  common  enough  to  merit 
inclusion  in  types  recovered.  None  had  been  observed  during  1974. 

Type  NT-19,  the  third  most  frequent  type,  involved  a high  proportion 
of  patients  {30.4%  of  all  those  with  Pseudomonas  present),  but  presented 
fewer  strains  than  did  the  next  most  common  type.  This  too  was  a strain 
which  increased  striMhs^'y  from  almost  xero  incidence;  only  two  strains 
were  collected  in  late  1974. 

Type  NT-22  was  not  seen  at  all  in  1974.  It  appeared  abruptly  in 
July  1975)  spread  very  rapidly,  and  became  fourth  in  incidence  for  the 

year. 


The  first  four  categories  includud  66.8%  of  all  strains  collected, 
and  thus  embodi ed  the  major  part  of  the  epi demi c spectrum  of  Ps  aeruoi nosa 
for  1975. 

'Type  12-14  or  H-1,  which  had  been  observed  in  earlier  years  but  not 
in  1974,  first  appeared  in  May  1975.  14.9%  of  patients  harbored  it,  and 
7.^  of  all  strains  collected  were  of  this  type. 

Type  NT-24  was  a new  type,  never  previously  observed.  It  appeared 
in  September  1975)  and  thus  spread  very  rapidly  to  colonize  the  ward  as 
the  sixth  most  common  strain  for  the  year.  The  pattern  is  related  to  31 
and  to  68,  but  these  reactions  were  never  previously  linked*- 

Phage  type  E-2'^  was  described  above.  It  reached  10.5%  of  patients, 
and  was  a new  previously  unrecorded  type. 

The  last  strains  recorded  were  nt-3  and  NT-23,  each  was  found  in  4.9% 
of  the  patients.  NT-3  was  mere  conmon  amoung  total  strains  but  still  made 
up  only  2%  of  isolates  typed.  In  the  previous  yea’,  1974,  NT-3  was  found 
in  32.75%  of  patients,  but  declined  rapidly  in  incidence  in  1975.  NT-23, 
(21)  68,  was  awther  new  type,  never  previously  observed. 

Thus,  there  were  9 types  predominant  in  1974,  of  which  7 had  not 
been  seen  or  were  of  negligible  incidence  in  1974.  This  was  an  unusually 
high  rate  of  incursion  cf  new  types  into  the  ISR  burn  ward,  but  showed 
how  ripdily  new  strains  can  pervade  a burn  population  such  as  theo’  ne 
presented  here.  84.8%  of  all  strains  fell  in  one  of  the  9 types  listed, 
and  66.8%  of  all  strains  tested  in  1975  were  NT  in  contrast  to  75%  in 
1974.  In  that  year,  the  predominant  population  included  12  types;  the 
pattern  in  1975  was  consistent  with  more  permeation  by  individual  epidemic 
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strains.  The  validity  of  the  typing  system  for  characterizing  Pseudomonas 
strains  was  re- affirmed,  and  the  undiluted  typing  addition  appeared  to  be 
val  i do 


Phaqe  Types  of  Pseudomonas  Recovered  in  Blood  of  I SR  Burn  Patients.  1 


/SB 


Aside  from  general  seeding  of  most  burn  patients,  the  role  of 
Pseudomonas  in  sepsis  is  of  great  importance,  since  such  septicemia 
displays  a very  high  mortality  rate,  despite  use  of  antibiotics  which 
may  be  effective  in  vitroo  Forty-five  burn  patients  with  positive 
blood  cultures  contributed  91  strains  for  typing.  Phage  types  observed 
are  listed  in  Table  3.  Note  that  the  most  conmon  phage  types,  among 
the  total  of  strains  collected,  are  represented  among  the  five  most 
common  blood  stream  types.  In  terms  of  totals  of  patients  from  whom 
these  types  were  recovered,  NT-16  was  more  common  in  the  total  than 
in  blood  stream  isolates,  by  36.6%  to  15.5%.  Similarly,  NT-19  was 
recovered  from  30.4%  of  all  patients,  but  only  from  4.iJ%  of  blood  culture 
positives.  There  were  no  strains  which  were  more  common  in  blood  than 
in  the  population  at  lare.  The  pattern  of  s^sis,  however,  in  relation 
to  chronologic  sequence,  is  better  shown  by  detailed  presentation,  as 
shown  in  Table  4.  it  was  obvious  that  the  successive  episodes  of  septicemia 
were  not  scattered;  instead,  the  various  types  were  clumped  within  given 
time  periods,  reflecting  the  epidemic  nature  of  the  episode  the  patients 
are  represented  by  arbitrary  accession  numbers.  Those  patients  who  had 
a given  type  recovered  in  successive  months  are  marked  with  an  asterisk  „ 

The  principal  5 phage  type  codes  are  listed,  plus  a column  for  those  types 
occurring  only  in  one  or  two  patients. 


Table  3. 

Phage  Types  of  Pseudomonas  Strains  from  Blood  Stream 
of  45  ISR  Burn  Ward  Patients,  1975 


Type  NT-22  was  the  most  frequent  septicemic  strain  occurring  from 
July  through  December.  The  strain  was  fourth  in  frequency  from  all 
sources.  Type  E-2  (phage  24)  was  the  second  most  frequently  observered, 
and  involved  15  septicemic  patients  from  February  through  May.  Third 
in  incidence  was  type  MT-16,  which  was  the  most  common  strain  recovered 
from  all  sources,  its  incidence,  from  January  through  May,  paralleled 
that  of  type  E-2.  From  April  through  July,  the  related  type  E-2''  was 
recovered  in  4 patients.  The  implication  that  E-2''  was  a loss  variant 
of  E-2  is  strongly  suggested  by  this  sequence.  Type  H-1,  found  in  3 
patients,  appeared  only  in  August,  in  blood  cultures.  The  six  least 
common  types,  B-22,  NT-17,  NT-19,  NT-3,  NT-23  and  a single  non-reactive 
strain,  were  found  from  January  to  March,  then  in  August  and  September. 

Only  one,  NT-17»  appeared  in  two  cases  in  close  succe*ssion. 

There  were,  thus,  91  strains  of  11  phage  types  recovered  from  blood. 

No  apparent  correlation  of  phage  type  (or  strain)  with  septicemia  was 
apparent.  Instead,  the  invasive  behavior  was  roughly  a reflection  of 
the  overall  incidence  of  Ps  aeruginosa  in  the  population. 

Pseudomonas  Phage  Types  Recovered  From  Luna  Tissue  of  I SR  Burn  Patients 
at  Post-Mortem.  1975 

Pseudomonas  strains  from  lung  tissue  at  autopsy  furnish  one  of  the 
principal  sources  of  definitive  information  about  the  pneumonia  which 
so  frequently  occurs  as  part  of  the  pathologic  problem  in  the  burn  patient. 
Phage  types  of  these  strains,  in  comparison  with  septicemic  strains, 
present  an  insight  into  the  source  of  systemic  invasion  in  these  patients. 
Phage  types  of  Pseudomonas  from  lung  tissue  are  summarized  in  Table  5*  The 
frequency  of  occurrence  of  types  was  rot  entirely  that  seen  in  the  overall 
population  nor  was  it  identical  with  that  of  blood  stream  isolates.  Type 
E-2  was  far  less  common  than  it  was  in  blood  or  wound  ^ype  NT-22  was  most 
common  in  both  blood  and  lung,  but  was  less  conmon  on  wounds  and  other  sites. 

Comparative  frequency  of  occurrence  of  principal  phage  types  in  blood, 
and  lung  and  in  the  entire  collection  from  all  sources  is  summarized  in 
Table  6. 

As  with  septicemias,  a more  adequate  picture  of  epidemiology  is  seen 
when  the  chronologic  sequence  of  type  incidence  is  shown.  This  pattern 
is’presented  in  Table  7.  The  mos  common  phage  types  are  shown  individually; 
additional  infrequent  types  are  shown  in  the  month  of  their  occurrence. 

The  most  common  epidemic  type,  NT-22,  was  found  in  lungs  of  16  patients 
between  August  and  December,  Type  NT-16,  found  in  13  patients,  was  recovered 
in  13  patients  from  January  through  July,  These  two  strains  were  ia 
succession  predominant  for  the  entire  year.  Type  NT-19»  the  third  most 
frequently  seen,  was  found  in  9 patients  from  January  through  August,  ^and 
then  once  more  in  December,  NT- 24  was  recovered  from  lungs  of  5 patients 
from  August  through  November.  The  less  frequent  types  included  E-2, 
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Table  5. 

Phage  Types  of  Pseudomonas  Strains  from  Lung  Tissues 
of  ISR  Burn  Ward  Patients,  1975 


Phage  Type 

No.  of 

No.  of 

Code 

Patients 

Strains  . 

NT-22 

16 

30 

NT- 16 

13 

25 

HT-19 

9 

19 

NT-24 

5 

9 

E 2 

3 

7 

H 1 

7 

NT-3 

2 

2 

NT- 17 

5 

Other 

10 

14 

no.  of  flatlents:  4l 

no.  of  specimens:  102 

no.  of  strains  Isolated:  118 


Table  6. 

Rel ati ve  frequency  of  Occurrence  of 
Ps  aeruginosa  Phage  Types,  ISR  1975 


Freouencv  & Source 

All  Sources 

Blood 

Lung 

NT-16 

1 

3 

2 

E-2 

2 

2 

5 

NT-19 

3 

6 

3 

NT-22 

4 

1 

1 

H-1 

5 

5 

6 

NT-24 

6 

0 

4 

E-2V 

7 

4 

0 

NT-3 

8 

7 

6 

NT-23 

9 

7 

0 

14^4 


Table  7>  Phage  Types  of  118  Pseudeiwonat  Strains  fron  Lung  Tissues 
of  ISR  Burn  Ward  Patients,  197S 


Phage  Type  Code 


Honth  E 2 ! H 1 I NT-16  KT.I9I  NT *22  MT-2«i  Other 

ho.  Specimens  I 1.1 


found  in  lungs  of  3 patients  in  February,  May,  and  June,  Two  patients 
each  exhibited  H-1 , NT-3  and  NT-17»  and  lO  addi tional  types  were  each 
found  in  only  one  patient.  Obviously,  there  was  no  one  type  causing 
pneumonia,  but  there  were  significant  differences  in  septicemia  and 
pulmonary  phage  types.  The  NT-16  epidemic  period  for  both  sources  was 
the  same,  from  January  to  May  or  July.  Type  NT-22  also  appeared  at  the 
same  time  interval  for  both  sources.  But  the  E-2  type  found  extensively 
in  blood  cultures  from  February  through  May  was  seen  in  lungs  of  only  3 
patients  during  this  period.  Type  NT-19,  prominent  from  January  to 
August,  was  found  in  the  blood  of  onl-y  two  patients.  Thus  a major  episode 
of  bacteremia  was  caused  by  a type  rare  in  the  lung,  while  a pulmonary 
strain  of  extensive  occurrence  was  rare  in  the  blood. 

An  attempt  to  assess  differences  in  incidence  of  phage  types  by 
location  was  made  in  view  of  the  differences  in  incidence  thus  far  noted. 
Figure  1 compares  the  incidence  of  strains  from  blood,  lung  tissue,  and 
all  other  sources.  The  proportionate  incidence  of  the  major  types  is 
represented  for  each  source  by  the  distinctive  bar  form.  Type  NT-16  was 
most  common  in  lung  and  all  other  sources,  but  far  less  often  recovered 
from  blood.  Type  E-2  was  found  equally  often  in  blood  and  all  other 
sources,  but  was  relatively  uncommon  in  the  lung.  NT-19  was  relatively 
rare  in  blood,  but  almost  as  frequent  in  lung  as  in  other  sources.  Type 
NT-22  was  most  common  in  lung,  least  frequent  in  sources  other  than  blood. 
The  remaining  principal  types,  H-1,  NT-24,  E-2'^,  NT-3  and  NT-23,  were 
all  less  coinmon  than  the  first  4.  H-1  was  most  common  in  other  sources, 

least  common  in  blood.  Type  NT-24,  surprisingly,  was  never  found  in 
blood  culture.  Conversely,  E-2^^  was  not  found  in  lung.  NT-3  was  least 
often  found  in  blood,  but  both  NT-3  and  NT-23  were  the  least  common  of 
the  major  types  recognized. 

Monthly  Distribution  of  Prevalent  Phage  Types,  I SR.  1975 

The  occurrence  of  small  monotype  epidemics  of  Ps  aeruginosa  has 
been  documented  in  previous  years,  but  the  continued  change  in  types,  and 
the  appearance  of  previously  unrecorded  types  makes  this  observation  of 
succession  of  types  a continuing  important  assessment.  Figure  2 
sufrtmarizes  the  monthly  incidence  of  11  major  phage  types  of  Ps  aeruginosa. 
All  but  two  strains  involved  at  least  8 patients.  Two  strains  involved 
only  3 patients  each.  To  render  the  distribution  more  legible,  the  most 
prevalent  type  for  each  month  is  outlined  in  solid  black,  the  next  most 
prevalent  by  a double  line,  and  third  most  common  by  a single  line. 

The  first  5 types  listed,  NT-17,  NT-18,  NT-3,  NT-19  and  NT-16  were 
types  that  had  been  seen  in  1974.  in  that  year,  NT-18  was  10th  in 
frequency,  while  NT-3  was  the  most  common  type  found  in  1974.  Conversely, 
only  two  strains  of  NT-19  were  found  in  1974.  NT-16,  which  like  NT-19 
has  been  a major  type  in  1975,  was  also  the  seond  most  common  type  found 
in  1974.  NT-17  diseppeared  after  its  appearance  in  January.  NT-18 
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Type  Code 


Figure  2.  Monthly  Distribution  of  Predoipinsnt  Pseudomonas  Phage  Types  in  ISR  Burn  Ward  Patients,  >9' 


similarly  was  seen  only  briefly  in  early  1975;  NT-3  disappeared  after 
April  1975. 

NT-19  was  a prcpinent  feature  of  the  burn  flora  in  1975;  it  was 
recovered  every  month,  although  it  was  never  a major  type.  Type  NT-16 
was  recovered  in  11  of  12  months  in  1975>  and  was  pred^inant  during  3 
months.  Its  frequency  was  diminishing  during  the  last  quarter  of  1975, 
and  it  can  be  projected  that  it  may  disappear. 

Type  E-2  presented  an  acute  4 months  outbreak  in  March  through 
June,  when  it  was  the  dominant  type.  The  closely  related  E-2^  was 
recovered  over  a 6 month  period,  but  was  only  once  the  second  most 
common  type. 

Type  H-1  displayed  a capability  for  rapid  dominance  of  the  patient, 
flora  especially  ir.  August  when  it  was  the  predominant  type.  It  persisted 
over  a 7 month  period,  then  disappeared  abruptly,  as  it  had  entered  the 
^rn  ward  population.  NT-22  strains  appeared  abruptly  in  July,  increased 
in  incidence  from  4 to  5 pati^its,  then  ass'jmed  the  predominant  status 
on  the  burn  ward  through  December.  Type  NT-23  occurred  during  a 4 month 
period  starting  in  August  but  was  never  prominent.  The  last  type  NT-24, 
appeared  in  September,  then  for  the  rest  of  the  year  was  the  second 
most  common  type.  Numerically  it  would  be  regarded  as  an  epidemic  strain; 
only  the  preponderance  of  NT-22  overshadowed  its  frequency. 

The  pattern  of  major  and  lesser  epidemics  of  Ps  aeruginosa  appearing 
for  larger' or  shorter  periods  was  evident  in  this  period  of  observation, 
as  it  had  been  in  previous  years.  The  second  most  common  epidemic  type, 
NT-19,  had  appeared  in  only  2 isolates  in  1974;  it  was  conspicuous  but 
never  predominant  throughout  1975.  Type  NT-16  had  been  the  second  most 
comnon  type  in  1974.  Type  E-2  typifies  the  previously  unknown  type  th^t 
appeared  with  explosive  suddenness.  There  is  still  no  explanation  for 
the  disparate  behavior  among  strains  of  Ps  aeruginosa  in  a burn  ward. 
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23.  (0)  A potential  epidemic  pathogen  of  significance,  Serratia  marcessens,  has  been 
observed  in  periodic  outbreaks  in  bum  patients.  Transmission  appears  to  be 
relatively  rapid.  Since  such  opportunists  can  present  serious  hazards  to  severely 
burned  soldiers,  a means  of  strain  differentiation  was  sought  by  development  of  a 
phage  typing  system,  as  a direct  major  tt  '■1  in  control  of  such  opportunistic  pathogens. 

24.  (U)  Phages,  recovered  from  sewage  effluent,  were  propagated  to  derive  high  titer 
distinctive  reactions  capable  of  differentiating  strains  of  Serratia  marcessens. 

25.  (U)  75  07  - 76  09  Although  the  previously  reported  phage  typing  set  was  capable  of 
differentiating  Serratia  epidemic  strains  successfully,  instability  of  a major 
component  phage  in  the  system  necessitated  further  phage  isolations  and  differentiation 
by  reaction  patterns.  A more  definitive  typing  system  evaluated  in  terms  of  the 
previous  experience,  has  resulted,  and  this  improved  system  is  undergoing  intensive 
evaluation  to  confirm  its  differentiating  capability. 
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The  phage  typing  set  for  Serratia  marcescens  has  been  re-assessed  to 
avoid  problems  associated  with  phage  viability  and  the  specificity  of  typing 
patterns.  New  phages  have  been  collected  to  remedy  these  deficiencies, and 
a comprehensive  typing  will  be  applied  to  strains  of  S.  marcescens  collected 
for  this  assessment. 

The  importance  of  a technic  for  differentiating  strains  ofS.  marcescens 
is  apparent  in  view  of  the  capacity  of  this  enteric  species  to  cause  severe 
nosocomial  infections,  including  pneumonia,  infections  in  surgical  wounds  and 
ir  thermally  injured  patients.  To  achieve  precise  strain  recognition,  a phage 
typing  system  was  developed  in  the  ISR  laboratory. 

The  typing  set  of  7 fjhages  was  applied  to  differentiating  Serratia  isolates 
from  IS.R  wards  and  from  other  hospitals.  The  system  was  effective,  and  phage 
types  were  distinguishable.  The  technical  approach  was  valid.  However,  the 
phages  selected  included  some  w^ich  were  exceptionally  labile,  and  which 
could  fail  to  survive  storage  at  4X,  the  usual  methods  of  holding  bacterio- 
phages. Further,  the  phage  type  pattern  achieved  with  this  typing  set, although 
usable,  revealed  a coverage  of  wild  strains  that  was  less  definitive  in  making 
type  distinctions  than  had  been  desired. 

In  view  of  these  factors,  re-study  and  acquisition  of  additional  phages  has 
been  carried  out  during  this  interval.  New  phages  have  been  recovered, propa- 
gated and  compared  for  identity  with  the  existing  phage  collection.  An  improved 
typing  set  is  in  process  of  be^ng  selected  and  standardized.  It  will  be  assessed 
on  S.  marcescens  collections  now  held  for  this  purpose. 


Burns  Serratia  Bacteriophage  Humans 
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23.  (U)  The  objective  of  this  study  is  to  demonstrate  the  Efficacy  of  5%  Sulfamylon 
acetate  solution  as  an  effective  topiceil  antibacterial  agent  when  used  either  as 
continuous  soaks  or  wet  to  dry  dressings  during  the  latter  stages  of  eschar  separation 
and  when  used  as  continuous  soaks  covering  mesh  grafted  areas  in  soldiers  with  burn 
injury. 

24.  (U)  Five  percent  Sulfamylon  acetate  is  used  as  a debriding  agent  by  applying 
gauze  sponges  soaked  in  a solution  to  the  burn  wound  and  wrapping  the  area.  The  gauze 
sponges  are  applied  saturated  with  the  solution  and  they  are  allowed  to  dry  and 
removed  every  six  to  eight  hours.  The  five  percent  Sulfamylon  acetate  solution  is  also 
used  to  keep  dressings  covering  mesh  graft  wet  until  there  is  adhenence  of  the  mesh 
graft.  This  markedly  decreases  the  bacterial  flora. 

25.  (U)  75  07  - 76  09  Five  percent  Sulfamylon  acetate  solution  was  used  in  128 
patients.  In  119  cases  it  was  used  with  wet  to  dry  applications  of  coarse  mesh  gauze 
to  facilitate  debridement.  In  106  cases  it  was  used  in  conjunction  with  raeeh  grafting. 
There  were  two  cases  of  severe  respiratory  xnsufficiency  among  the  128  patients  treated 
giving  a complication  incidence  of  1.6%. 
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Five  p.'r  cent  Sulfamylon  acetate  solution  was  used  in  128  patients 
as  the  wetting  agent  In  the  wet  to  dry  coarse  mesh  gauze  debridement 
technique  and  for  continuously  wet  dressings  used  to  cover  excised 
and  grafted  areas  In  the  burned  soldier.  Flfty-two  point  two  per  cent 
of  all  admissions  had  the  agent  used  at  least  for  one  of  the  above 
mentioned  techniques.  Most  of  these  patients  (84  per  cent)  had  the 
five  per  cent  Sulfamylon  acetate  solution  used  for  both  treatment 
modalities.  Toxic  reactions  manifested  by  pulmonary  and/or  cerebral 
signs  were  clinically  diagnosed  as  being  related  to  the  use  of  5^  ' 
Sulfamylon  acetate  solution  In  two  cases.  Five  per  cent  aqueous  Sulfa- 
mylon soaks  offer  excellent  control  of  the  bacterial  population  of 
either  separating  eschar  or  healthy  granulation  tissue. 


Burn 

Eschar  separation 

S%  Sulfamylon  acetate  solution 

Humans. 
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FIVE  PER  CENT  AQjUEOUS  SULFAMYLON  SOAKS  USED 
IN  TOPICAL  TREATMENT  OF  BURNED  SOLDIERS 


Five  per  cent  Sulfamy^lon  acetate  solution  wa&'  used  tn  128  patients 
or  52.2  per  cent  of  all  admissions.  It  was  used  on  119  patients  as  the 
fluid  agent  In  wet’-to-dry  coarse  mesh  gauze  dressings  used  for  wound 
debridement.  It  was  used  as  an  antibacterial  wetting  agent  for  continuous 
wet  dressings  covering  meshed  (graft)  or  excised  areas  in  106  patients. 
Most  of  these  patients  (84i  per  cent)  had  .the  five  per  cent  Sulfamylon 
acetate  solution  used  for  both  treatment  modalities. 

Toxic  reactions  manifested  by  pulmonary  and/or  cerebral  signs 
were  clinically  diagnosed  as  being  related  to  the  use 'of  five  per  cent 
Sulfamylon  acetate  solution  in  two  cases.  The  pulmonary  problems  con- 
tinued to  be  principally  hyperventilation  with  associated  mental  confus- 
ion In  some  patients,  resolving  with  removal  of  the  toplca'  soaks. 

Since  five  per  cent  Sulfamylon  solution  Is  generally  used  2-3 
weeks  post  burn  except  In  the  case  of  excisions.  It  appears  that  when 
not  combined  with  SuWamylon  cream  the  patients  tolerate  It  extremely 
wel  1 . 


“Five  per  cent  aqueous  Sulfamylon  soaks  offer  excellent  control  of 
the  bacterial  population  of  either  separating  eschar  or  healthy  granula- 
tion tissue,  with  minimal  toxicity. 

PRESENTATIONS  AND/OR  PUBLICATIONS 

None. 
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23.  (U)  Assessntent  of  virulence  of  new  epidemic  types  of  Pseudomonas  aeruginosa 

has  been  called  for  by  appearance  in  the  burn  ward  of  previously  unknora  strains  varying] 
in  virulence  and  in  response  to  chemotherapy,  ihis  assessment  and  evaluation  of  new 
mtlmicroblal  agents,  an  essential  aspect  in  preparing  for  the  memagement  of  thermal 
injury  in  troops  in  combat. 

24o  (U)  Surveillamce  of  infecting  types  to  include  virulence  assessment  of  each 

epidemic  form  and  experimental  therapy  on  challenged  animals. 

25.  (U)  75  07  - 76  09  Epidemic  strains  varying  in  virulence  from  15%  to  90%  in  seeded 
burned  rats  were  uncovered.  Type  A-71,  a recurrent  epidemic  type,  was  virulent  for 
9.9%  to  100%  of  animals.  In  its  con5>lete  form,  it  was  treatment  refractory  in  animals. 
Pirbeniclllin  was  tested  for  cmtrol  of  burn  sepsis.  Results  indicated  partial 
effectiveness. 
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The  ultimate  criterian  for  improved  chemotherapy  of  cutaneous  burns 
is  based  on  reliable  animal  models.  The  burned  rat  seeded  with  Pseudotwrys 
aeruginosa  offers  the  most  plausible  simulation  of  human  burn  infection,  buil 
detailed  stud*'  of  a series  of  wound  and  blood  stream  isolates  from  Pseudomonas 
sepsis  revealed  a spectrum  of  inherent  variation  in  virulence  from  zero  to 
100%.  Strain  variation  occurs  with  many  types,  but  a major  epidemic  phage 
type  was  recovered  over  an  8 year  period  with  no  change  In  virulence.  In 
contrast,  successive  isolates  during  prolonged  clinical  sepsis  in  a major  burn 
revealed  inherent,  stable  variations  of  a major  order  In  virulence  and  response 
to  therapy  of  specific  types.  Surface  tension  alteration  was  shown  to  lack 
significance  in  affecting  virulence  or  invasiveness,  a trial  of  a new  semi-syn- 
thetic penicillin,  pirbeniciliin,  showed  it  to  be  ineffective  in  control  of  experi- 
mental Pseudomonas  burn  wound  sepsis. 
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DEVELOPMENT  OF  PROPHYLACTIC  TOPICAL  THERAP/ 
FOR  USE  ON  BURN  WOUNDS  OF  MILITARY  PATIENTS 
THE  SEARCH  FOR  NEW  FORMULATIONS 


The  assessment  of  virulence  in  Pseudomonas  aeruginosa  has  been  based 
on  the  ability  of  strains  of  this  organism  to  set  up  invasive  burn  wound  sepsis 
in  the  white  rat  when  a burn  is  seeded  with  a yourtg  culture.  The  disease 
which  results  is  strikingly  similar  to  burn  wound  sepsis  in  the  human,  and 
medication  designed  to  control  this  syndrome  in  animals  has  been  highly 
effective  on  human  subjects.  Apart  from  the  practical  aspect  of  an  infection 
model  in  deriving  new  modes  of  therapy,  the  seeded  burned  rat  model  offers 
an  important  epidemiologic  tool  for  determining  the  extent  of  virulence  in  Ps. 
aeruginosa,  the  relationship  of  virulence  to  spread  and  persistence  of  a given 
strain  in  a patient  population,  the  detection  of  virulence-related  attributes  in 
pathogenic  strains,  and  other  basic  criteria  of  importance  in  understanding 
wound  infection.  Since  the  occurrence  of  epidemic  waves  of  Ps. aeruginosa 
infections  due  to  specific  phage  types  has  been  well  documented,  there  is 
ample  reason  to  assess  strains  which  cause  invasive  sepsis.  These  will  vary, 
not  only  as  to  identity,  but  also  as  to  virulence.  The  clinical  significance  of 
differences  in  invasive  potential  has  not  yet  been  elucidated,  but  the  fact 
that  such  differences  can  occur  makes  it  of  fundamental  importance  that  they 
be  documented  and  studied. 

Earlier  reports,  in  the  middle  1960's,  showed  awide  spread  of  virulence 
over  a series  of  strains  collected  from  burn  aptients. However, the  identity  of 
epidemic  producing  strains  continues  to  vary  and  prolonged  use  of  topical 
therapy  in  control  of  wound  sepsis  has  made  further  study  of  this  epidemio- 
logic phenomenon  desirable.  Selection  of  strains  has  been  based  primarily 
on  their  exhibiting  virulent  attributes.  They  were  from  blood  culture,  wound 
biopsy,  or  from  tissues  post  mortem,  including  lung  and  liver  isolates  as  well 
as  wound  strains.  Table  1 summarizes  the  range  of  virulence  demonstrated. 
There  was  a complete  range  of  virulence:  4 strains  out  of  70  were  completely 
non-virulent;  9 more  were  weakly  virulent;  none  killed  more  than  7%  of  the 
animals  seeded.  There  were  2 types  in  each  of  these  categories.  I,n  the  inter- 
mediate range,  which  included  up  to  60%  mortality,  20  strains  which  included 
4 phage  types  were  found.  Six  phage  types  and  37  strains  exhibited  high  viru- 
^ lence.  Each  lethality  value  was  determined  on  not  less  than  4 groups  of 

animals,  so  that  cumulative  results  confirmed  the  validity  of  the  virulence 
level . 


A unique  degree  of  virulence  associated  with  a specific  phage  type, 

A-71,  has  been  observed  in  detail,  in  part  because  of  its  appearance  as  an 
epidemic  strain  associated  with  a high  rate  of  Pseudomonas  sepsis.  When 
the  strain  reached  epidemic  proportions  in  1973,  retrospective  review  of  the 
cuiture  collection  uncovered  a strain  of  the  same  type  recovered  8 years  earlier, 
in  1965.  It  was  at  that  time  unique,  and  was  not  seen  again  for  8 years.  It 
has  been  found  since  its  epidemic  outbreak  but  so  seldom  that  it  would  not, 
except  for  its  history, have  been  observed  further  .Table  2 shows  the  persistence 
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Table  1.  Virulence  of  70  Strains  of  Ps. aeruginosa 
Representing  Phage  Types  Recovered  from  Burn 
Patients,  1973-1975 


Types  and  % Died  Out  of  Total  Rats  Seeded 

Non-Virulent  Low  Virulence  Moderate  Virulence  High  Virulence 
(No  deaths)  (1  - 19%  (20  - 59%)  (60  - 100%) 


NT- 16 

NT-3  2.3 

NT- 4 

25 

NT- 5 

82.7 

NT-A 

NT-a’  6.4 

NT- 18 

58.4 

NT- 17 

94.5 

NT-B 

48.1 

NT- 2 

67.3 

F-21 

29.2 

D-£ 

92.4 

C-26 

84.3 

A-71 

99.2 

4 Strains 

9 Strains 

20  Strains 

37  Strains 

2 Types 

2 Types 

4 Types 

6 Types 

of  virulence  in  this  phage  type.  It  is  unique  in  our  experience  with 
hundreds  of  strains  of  aeruginosa  in  that  the  strain  is  so  uncommon, 
(except  In  epidemics)  that  it  could  not  have  persisted  in  the  burn  ward, 
but  has  been  recovered  as  a new  entry  into  this  population.  Nonetheless, 
this  strain  is  specifically  associated  with  a uniquely  high  virulence  for 
the  burned  rat.  Th's  has  not  been  the  case  with  other  virulent  epidemic 
strains,  when  they  have  been  assessed  for  virulence.  As  a model  for 
studying  the  constancy  of  virulence,  strains  from  a burn  patient  who  under- 
went at  least  2 separate  septicemic  episodes  during  his  illness  were  studied. 
Their  behavior  is  summarized  in  Table  3.  This  patient  was  invaded  first  by 
type  F-21.  Three  successive  isolates.  Identical  by  biochemical  and  phage 
criteria,  were  assessed.  Significant  differences  in  lethality  occurred:  1 
isolate  was  lethal  for  only  15%  of  untreated  rats,  another  for  25%  and  the 
third  for  44%.  The  progression  of  response  to  treatment  paralleled  the  rise 
In  virulence,  from  100%  effectiveness  with  the  least  virulent,  to  88%  effective- 
ness in  the  most  virulent  strain. 

A subsequent  and  more  severe  episode  of  Pseudomonas  sepsi  occurred 
a week  later  in  this  patient's  course.  This  time  ^he  infecting  strair:  was  a 
different  type,  NT-2.  Virulence  varied  from  42%  to  89%  in  strains  from  the 
blood;  3 wound  strains  were  ail  of  the  same  level  of  virulet  'e,  and  vyere 
probably  identical.  Thus,  within  one  patient,  2 separate  strains  yielded 
isolates  with  5 different  degrees  of  virulence.  Response  to  therapy  was 
consistent  with  the  concept  that  the  more  vir  ulent  the  strain  was,  the  higher 
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Table  2.  Virulence  of  Tested  Animals  of  19  Strains  of 
Ps.  aeruginosa, Type  A- 71,  Recovered  from  18  Bur:ied 
Patients  Between  1965  and  1975 


Year 

No.  of 
Patients 

No.  Sir-sins 
A-71  Ttjsted 

Virulence 
Died/Total,  % 

Average  Time  to 
Death  (Days) 

1965 

1 

1 

30/30  100 

6.7 

1973 

15 

16 

449/452  99.3 

5.56 

1974 

1 

1 

10/11  90.1 

7.5 

1975 

1 

1 

10/10  100 

6.4 

Table  3.  Animal  Model  Virulence  and  Response  to 
Therapy  of  Ps.  aeruginosa  from  a Patient  with  Lethal  Burn  Wound  Sepsis 


Strain 

Source 

Type 

No.  of 
Tests 

Mortality  and  Treatment  Response 
Sulfamylon  % Died  No  Treatment  %Died 

Controls 

9-25-36 

Biopsy 

F-21 

4 

0/20 

0 

3/2P 

15 

9-27-13 

Biopsy 

F-21 

5 

3/25 

12 

11/25 

44 

9-28-9 

Wound 

Swab 

F-21 

4 

1/20 

5 

5/20 

25 

10-3-10 

Biopsy 

NT- 2 

4 

7/26 

27 

16/26 

62 

10-3-11 

Biopsy 

NT- 2 

5 

8/25 

32 

17/25 

68 

10-3-12 

Wound 

Swab 

NT-2 

5 

5/26 

19 

16/26 

62 

10-4-22 

Blood 

NT- 2 

4 

8/20 

40 

17/19 

89 

10-5-15 

Blood 

NT- 2 

4 

0/20 

0 

8/19 

42 

Strain  Sources:  Type  F-21;  Wounds:  25-28  Sept. 

NT- 2:.  Wounds:  3 Oct 

NT-2:  Blood  4-5  Oct 


Control  Strains:  8-28-3:  Treat:  0-20%,  mortality 

No  Treat.;  90-100%  mortality 
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the  proportion  of  treatment  failures.  This  has  not  always  been  the  case,  in 
other  experiments,  high  and  low  virulent  strains  were  each  completely  suscep- 
tible to  topical  Sulfamylon  treatment. 

The  experimental  behavior  of  Ps.  aeruginosa  strains  recovered  from 
burn  patients  is  not  simply  a case  of  virulent  versus  non-virulent  organisms. 
Some  strains  are  completely  virulent,  with  no  non-virulent  variants  observed. 
Other  strains  vary  widely  in  virulence  even  with  the  most  meticulous  retrieval 
and  storage  technics.  Further,  virulent  and  non-virulent  strains  vary  in 
their  response  to  topical  therapy.  The  assessment  of  new  drugs  and  formulations 
can  be  made  simple  by  using  a “standard"  strain  that  behaves  in  a consistent 
- i.e. , desired  manner.  But  the  natural  history  of  Pseudomonas  burn  wound 
infection  is  far  more  complex,  and  involves  strain-related  differences  that 
must  be  taken  into  account  if  valid  guides  to  clinically  useful  therapeutic 
agents  are  to  be  achieved. 

EFFECT  OF  ADDITION  OF  TWEEN-80  TO  INOCULUM  ON  VIRULENCE  AND 
RESPONSE  TO  THERAPY 

Variations  occur  in  response  of  burned  rats  to  seeding  with  a given 
strain  ofPs,  aeruginosa.  These  fluctuations  can  interfere  with  interpretation 
of  the  nature  of  an  infecting  strain,  and  with  evaluation  of  a therapeutic 
regimen.  One  possibility,  frequently  discussed  as  a possible  factor,  is  the 
degree  of  dispersal  of  cells  of  the  inoculum  in  growth;  Ps  .aeruginosa  may 
form  non-homogeneous  suspensions  of  bacteria  when  they  are  grown  in  oroth. 

A means  of  achieving  more  uniform  dispersal,  and  of  improving  the  wetting 
qualities  of  the  culture  on  the  burn  wound,  is  to  grow  the  culture  in  broth  to 
which  a small  amount  of  non-toxic  wetting  agent  has  been  added.  This  experi- 
ment was  conducted  with  2 challenge  strains,  8-28-3  and  12-4-4,  to  determine 
whether  or  not  demonstrable  differences  in  lethality  or  in  response  to  therapy 
could  be  demonstrated. 

Five  different  strains,  varying  in  lethality  and  in  response  to  topical 
Sulfamylon  therapy  were  used.  Strain  8-28-3  is  highly  virulent;  strain  12-4-4 
is  virulent  but  permits  more  survival;  and  A-71  represents  a most  lethal  treat- 
ment refractory  strain,  with  A-71-2  virulent  but  somewhat  treatment  responsive, 
and  A-71-3  low  in  virulence  yet  treatment  refractory.  Table  4 summarizes 
the  results . 

There  was  no  significant  increase  in  lethality  of  strains  in  animals  not 
treated,  between  the  effect  of  the  Tween-80  cultures  and  the  Trypticase  Soy 
Broth  (TSB)  cultures  .Among  treated  animals,  there  was  a slight  increase  in 
lethality  desprte  treatment, although  it  was  not  statistically  significant. Among 
the  7 or  9 experiments, witn  a total  of  17  sets  run,  11  of  88  of  the  Tween- 80  broth 
animals  died, while  in  the  same  set  the  TSB  inoculum  resulted  in  death  of  5 out 
of  90  animais.lt  may  be  concluded  that  the  wetting  agent  does  not  enhance  the 
virulence  of  the  challenge  strain,  nor  does  it  significantly  alter  the  response 
to  therapy  .There  may  be  slightly  more  animals  which  die  when  treated  following 
Tween-80  inoculum  than  with  the  TBS  inoculum. 
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* Survival  time:  Terminated  on  day  22;  Survival  = 22.0  days 
**  TSB:  Trypticase  Soy  Broth 
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Since  the  wetting  agent  makes  it  noticeably  easier  to  apply  the  1 .0  ml 
inoculum  to  the  freshly  burned  rat,  this  modification  has  been  introduced  into 
the  routine  rat  challenge  model. 

PIRBENXILLIN.A  NEW  SEMI-SYNTHETIC  PENICILLIN  TRIAL  IN  CONTROL  OF 
EXPERIMENTAL  PSEUDOMONAS  BURN  WOUND  SEPSIS 

PerbenIcillin,  a new  injectable  semi -synthetic  penicillin  has  a broad 
spectrum  of  antibacterial  activity.  Its  activity  is  comparable  to  that  of  carbeni- 
cillin  although  it  is  reported  to  have  enhanced  activity  against  fecal  strepto- 
cocci, Pseudomonas  and  Enterobacteriaceae  that  do  not  produce  beta- lactamase. 
In  view  of  the  long  standing  need  for  a more  effective  systemic  antimicrobial 
agent  which  can  control  Ps. aeruginosa  invasive  infection  in  burns,  and  in  the 
hope  that  this  agent  might  be  of  value  in  controlling  other  opportunistic  inva- 
ding organisms  in  burns,  it  was  tested  in  the  invasive  Pseudomonas  burn 
wound  sepsis  model,  using  200  gm  rats  with  a 20%  scald  burn,  seeded  promptly 
with  10°  cells  of  an  18  hour  broth  culture.  In  vitro  tests  on  Ps.  aeruginosa 
were  carried  out  using  the  MIC  technic  standardized  in  this  laboratory. 

The  sensitivity  to  antibiotics  of  3 bacterial  species  of  major  importance 
In  burn  wound  infections  are  summarized  in  Table  5.  Staphylococci  were 
relatively  susceptible  to  the  antibiotic,  Ps.  aeruginosa  were  moderately  sensi- 
tive, and  Klebsiella  pneumoniae  were  resistant.  The  remaining  species  of 
Enterobacteriaceae  were  tested  in  small  numbers;  their  behavior  is  an  indica- 
tion of  sensitivity  but  numbers  were  few. 

Table  5.  Sensitivity  of  Bacterial. Species  Prominent 
in  Current  Burn  Infections  to  Pirbenicillin 


Species  No.  Inhibited ^and  Concentration  of  Pirbenicillin 

(mcg/m!) 

>50  50  25  12.5  6.25  3.12  1.5  0.78  0.39  <0.39 


S.  aureus 

0 

0 

0 

0 

5 

15 

5 

1 

0 

0 

K.  pneumoniae 

28 

2 

2 

0 

0 

0 

0 

0 

0 

0 

Ps. aeruginosa 

1 

1 

5 

3 

0 

1 

0 

0 

0 

0 

E.  coli 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

S.  marcescens 

2 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Graphic  representation  of  cumulative  sensitivity  gives  a more  informative 
picture  of  the  sensitivity  status.  These  data  are  shown  in  figure  1.  The  results 
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make  more  emphatic  the  inherent  resistance  of  Klebsiella  strains  and  the 
intermediate  status  of  Pseudomonas.  Only  Staphylococcus  aureus  was  sensi- 
tive to  Pirbenicillin. 

The  use  of  Pirbenicillin  in  control  of  experimental  burn  wound  sepsis 
was  based  on  the  encouraging  results  in  clinical  trials  reported  in  communica- 
tions from  research  laboratories  of  the  manufacturer,  Pfizer,  Inc.  Pharmaco- 
logic data  indicated  that  the  drug  was  toleratad  in  doses  up  to  250  mg/kg, 
via  subcutaneous  administration,  in  rats.  After  preliminary  trials, dosages 
of  250  mg/kg  and  of  125  mg/kg,  intraperitoneally  on  a 1 X/day  basis,  were 
selected.  Dosage  schedules  of  5 and  10  days  were  carried  out  in  groups  of 
5 or  6 rats  each.  Treatment  was  begun  24  hours  i ter  seeding  of  the  rats. 
Animals  were  observed  for  21  days  after  burning  and  seeding.  The  cirterion  of 
effectiveness  was  survival.  Challenge  strains  included  12-4-4,  8-28-3 
and  VA-I34,  to  cover  a spectrum  of  virulence  and  invasiveness. 

Results  are  summarized  in  Table  6.  The  3 challenge  strains  varied 
slightly  in  their  response  to  Pirbenicillin,  but  none  of  the  results  was  en- 
couraging to  a significant  extent.  With  strain  12-4-4,  the  maximum  dose  pre- 
sented a 70%  mortality  with  a strain  which,  untreated,  killed  85.6%  of  the 
animals.  Strain  8-28-3  was  more  virulent  in  the  untreated  control,  but  it 
showed  the  most  encouraging  results  in;^vo:  maximum  dose  for  maximum  time 
showed  a 29.4%  mortality;  when  the  250  mgTkg/day  dose  was  run  for  5 in- 
stead of  10  days,  mortality  rose  to  64.7%,  The  reduced  dose  of  125  mg/kg/day 
actually  showed  the  best  survival  of  all;  it  was  the  same  for  the  5 day  as  for 
the  10  day  interval.  The  most  virulent  challenge  strain,  VA-134,  showed  a 
slight  response  to  the  maximum  dose,  and  virtually  no  effect  with  the 
minimum  dose. 

Table  6.  Pirbenicillin  in  Prophylaxis  of  Bum  Wound 

Infection  in  Rats  Seeded  with  Pseudomonas  aeruginosa 


Dosage 
mg /kg 

Treatment 

Period 

No.  of 
Tests 

Strain  and  Outcome  - Died/Total 
(%  Mortality) 

12-4-4 

8-28-3 

VA-134 

250 

10  days 

3 

12/17  (70.5) 

5/17  (29.4) 

10/17  (5C-.8) 

5 days 

3 

12/17  (70.5) 

11/17  (64.7) 

13/17  (76.4) 

125 

10  days 

3 

n/17  (64.7) 

9/17  (52.9) 

12/17  (70.5) 

5 days 

3 

12/17  (70.5) 

8/17  (47.0) 

16/17  (94.1) 

Control 

13/15  (85. C) 

13/13  (100) 

16/16  (100) 

DISCUSSION 


The  results  of  animal  ♦rials  of  Nrbenicillin  in  control  of  Ps.  aeruginosa 
burn  wound  sepsis  were  not  encouraglnQ.  The  drug  had  a sligriTeffeot  in  i.»- 
creasing  survival,  but  it  was  not  as  effective  as  Carbenlciliin  in  similar  cir- 
cumstances and  far  less  effective  than  Tlcarclllin  which  was  shown  to  have  a 
high  potential  for  controlling  invasive  Pseudomonas  infection  in  the  seeded 
burned  rat.  On  the  basis  of  this  particular  model  and  challenge  system,  there 
is  little  enthusiasm  for  a clinical  trial  of  Plrbenicillin. 
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23.  (U)  To  determine  species  of  fungi  in  burn  patients  and  assess  the  significance 
of  these  opportunistic  invaders  in  producing  fungal  burn  wcund  >aDsis,  respiratory 
tract  involvement  and  oth'=T  infectious  processes  peculiro.  tt  infec*"'.on  in  burned 
soldiers. 

24.  (U)  Cultivation  of  biopsy  and  autopsy  specimens  under  op<  .,o.«3itions  for 

recovery  of  fungi  and  yeasts. 

25.  (U)  75  07  - 76  09  The  occurrence  of  fungal  colonization  diminished  further  in 
FY  1976.  Of  135  biopsies  on  63  patients,  5 patients  yielded  6 fungal  cultures, 
while  11  patients  yielded  13  strains  of  Candida  sp.  In  autopsies,  38.8%  of  patients 
yielded  Candida  sp.;  only  23.6%  of  autopsies  yielded  fungi  in  culture.  Fusarium 
emd  Aspergillus  were  genera  more  frequently  recovered;  9 genera  were  recovered  ^md 
38  strains  were  isolated.  No  phycomycetes  were  found.  Fungal  sepsis  remains  a 
possibility  but  in  1975  it  was  relatively  uncoiimon. 
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Autopsy  and  biopsy  tissues,  including  wound,  lung,  spleen,  liver 
and  burn  wound  in  autopsy,  are  routinely  cultured  for  fungi.  Fungal 
sepsis  has  not  been  a serious  clinical  problem  since  1973,  but  fungal 
colonization  still  occurs.  The  recovery  rate  of  yeasts  and  fungi  fell 
from  71  - 75%  in  recent  years  to  $2%  in  1975*  Predominant  genus  was 
Fusajrium.  Phycomycetes,  the  most  dangerous  fungi  when  invasive  infection 
occurs,  were  not  recovered  in  1975* 


Fungi 
Mu  cor 
Rhi zopus 
Fusarium 
Burns 

Phycomycosi s. 
Humans 


THE  ROLE  OF  FUNGI  IN  BURN  WOUND  INFECTION: 

OBSERVATIONS  ON  BIOPSY  AND  AUTOPSY  TISSUES 
FROM  SERIOUSLY  BURNED  SOLDIERS 

Fungal  infection  in  burn  wounds  has  followed  an  unpredictable 
course.  Individual  institutions  have  seen  such  invasive  infections 
increase  to  a point  at  which  they  were  a serious  problem  in  morbidity 
and  mortality.  The  incidence  may  then  regress,  wf,th  no  valid  basis  in 
changes  in  wound  management.  In  the  Institute  of  Surgical  Research 
burn  wound  invasion  by  fungi  has  become  rare,  although  4 to  5 years 
ago  it  was  a problem  involving  5 to  10  patients  per  year,  in  a patho- 
logical process  that  was  either  uncontrollable  or  controlled  with 
ablation  of  involved  tissues  when  such  surgical  intervention  was 
possible. 

Funoi  in  Biopsy  Specimens 

Biopsies  were  performed  on  63  patients  in  1975»  and  135  specimens  were 
collected.  Results  of  cultures  of  tissues  on  Sabourauds  agar  are  set 
forth  in  Table  1.  Comparative  results  for  1972  - 1974  are  set  down. 

It  was  obvious  that  far  fewer  biopsies  were  collected  in  1975  than  had 
been  the  case  in  preceding  years  and  the  scale  of  recovery  of  fungi 
had  correspondingly  narrowed.  Tliirteen  genera  of  fungi  were  recovered 
in  1972,  10  in  1973  and  7 in  1974?  in  1975  4 genera  were  recovered 
from  burn  wounds.  Had  it  not  been  for  preceding  years  and  the  importance 
of  the  role  played  by  fungi;  the  very  procedure  might  have  been  discontinued. 
However,  the  pathologic  evidence  of  a significant  role  being  played  by 
fungi  is,  on  an  overall  view,  too  important  to  be  ignored. 

Fungi  Recovered  from  Autopsy  in  Burned  Patients 

Fungi  recovered  from  burn  wounds  and  viscera  (lung,  liver  and  spleen) 
at  autopsy  are  summarized  in  Table  2.  There  were  9 genera  of  fungi 
recovered,  as  always,  these  organisms  were  more  common  in  tissues  at 
autopsy.  Presumably  one  reason  for  this  discrepancy  is  the  ease  with 
which  opportunistic  microorganisms  proliferate  in  tissues  of  the  immun- 
ological ly  impaired  host.  There  were  9 genera  of  fungi,  including  the 
Candida  spp.  recovered.  The  number  of  isolates  was  small,  but  Fusarium 
sPD  were  the  predominant  genus^  as  they  had  been  in  the  preceding  two 
years.  Aspergillus  spp  were  the  either  major  fungal  form  recovered.  No 
genera  with  a pedigreee  of  ability  to  cause  invasive  burn  wound  infection 
were  recovered. 

The  nature  of  the  decrease  in  frequency  of  recovery  of  fungi  in 
burned  patients^  in  the  I SR  is  most  clearly  shovn  in  a comparison  of  • 
recoveries  made  since  1971.  These  totals  are  shown  in  Table  3. 

It  was  obvious  that  fewer  positive  fungal  cultures  appeared  in  1975 
than  in  recent  years.  In  the  interval  between  1571  and  1975»  the  fraction 
of  patients  cultured  who  yielded  fungi  or  yeasts  from  tissues  ranged  from 
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Table  1.  Biopsy  Specimens  Positive  for  Fungi 
and  Yeast  - 1^72  - 1975 


Genus  No.  Patients  Positive 
1972  1973  1974  1975 


Aspergillus  8 

Cephalosporium  5 

Fusarium  19 

Sepakloni  urn  0 

Curvul  ari  urn  3 

Scopul ariopsis  11 

A1 terneri  a 3 

Diplosporium  1 

Peni ci Ilium  1 

Helminthosporium  0 

Rhi zopus  2 

Mucor  2 

Stemphyl 1 i urn  1 

Syncephal astrum  1 


Geotrichum 


Candida  spi 


1 


28 


12 

1 

2 

0 

2 

0 

1 

4 

2 

2 

0 

0 

0 

57 


8 

5 

11 

0 

1 

0 

3 

0 

3 

2 

0 

0 

0 

0 

2 

54 


1 

1 

2 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

11 


No.  Patients  Cultured 


135  63 


No.  Strains  Recovered 
1972  1973  1974  1975 

11  17  5 2 

15  5 5 1 

33  23  17  2 

0 10  0 

3 2 3 0 

1 1 00  0 0 

7 2 3 1 

10  0 0 

113  0 
0 9 2 0 

3 2 0 0 

2 2 0 0 

10  0 0 

• 0 0 0 

10  4 0 

46  141  144  15 


Table  2*  Genera  of  Fungi  Recovered  from  Viscera 
(Liver»  Lung,  Spleen)  and  Burn  Wound  at  Autopsy 

1975 


Genus 

Wounds 
Patients  Positive 

. Total 
1 sol ates 

Viscera 

Pati  ent  Total 

' Posi ti ve  1 sol ates 

Aspergillus 

3 

3 

9 

12 

Penicillium 

1 

1 

0 

0 

Cephalosporium 

1 

1 

2 

2 

Fusarium 

5 

5 

3 

6 

Scopul ari opsi s 

1 

2 

C 

0 

Cgrvul  ari urn 

2 

3 

1 

r 

A1  terrier  i a 

0 

0 

3 

4 

Sepedoni urn 

1 

1 

2 

2 

Hycel  i a steri  1 i 

a 0 

0 

1 

1 

Candida 

12 

21 

23 

48 
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TifeU  3.  Fungi  Nosvtrnd  froa  Autopsy  Tisiuot,  I971-I97S 


Qanui  Nk^twr  of  Fotlont*  Fooltlvo  at  Autopsy 

■umod  Wound  VIscora 


1971 

1972 

1973 

1974 

1975 

1971 

1972 

1973 

1974 

1975 

Muoor 

3 

0 

3 

3 

«i 

0 

0 

1 

1 

0 

ahtaopus 

1 

1 

2 

1 

0 

1 

1 

0 

0 

0 

Absidia 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Asparglllus 

6 

11 

19 

4 

3 

3 

2 

5 

2 

9 

FsnlclUluM 

8 

1 

0 

1 

1 

1 

2 

0 

5 

0 

Fasclloeycas 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

Altarnarla 

2 

3 

6 

1 

0 

0 

0 

0 

2 

3 

Csphalosporlua 

2 

4 

3 

4 

1 

0 

4 

4 

6 

2 

Fussrlum 

9 

30 

2S 

12 

5 

7 

20 

19 

8 

3 

Hslsrinthosporlun 

k 

1 

4 

4 

0 

0 

0 

2 

1 

0 

NIgrospora 

9 

0 

0 

0 

0 

3 

0 

0 

0 

0 

Scopul srlopsl s 

5 

3 

1 

2 

1 

1 

2 

0 

2 

0 

SspodonluM 

1 

5 

5 

1 

1 

1 

4 

3( 

1 

2 

Olplosporum 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

Gootrichum 

0 

0 

3 

0 

0 

2 

0 

0 

1 

0 

Fonsecasa 

2 

0 

0 

0 

0 

2 

0 

0 

0 

0 

Curvularlw 

0 

5 

1 

0 

2 

0 

0 

0 

0 

1 

Hicrosporum 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Cl adosporlum 

0 

0 

1 

0 

0 

0 

0 

3 

0 

0 

Candida 

13 

32 

67 

41 

12 

11 

25 

50 

42 

23 

Number  patlenti  positive 
Number  patients  cultured 
Number  genera  present 

<«6 

61 

17 

65 

89 

16 

80 

91 

14 

67 

80 

15 

39 

74 

9 

73%  to  83%«  in  1975*  52%  of  the  patients  cultured  yielded  yeasts  or 
fungi • 

The  absence  of  Phyoomycetes  in  biopsy  and  autopsy  in  1975  was 
significant  since  this  group  includes  the  Mucor,  Rhizopus  and  Obsidia 
genera.  These  can  and  have  caused  invasive  burn  wound  sepsis  with  very 
lethal  consequences. 

The  trend  toward  lessened  incidence  of  invasive  fungal  infection 
of  burn  wounds  was  apparent  in  1973»  and  since  that  time  this  disease 
has  irtrtually  disappeared  in  the  I SR.  The  low  recovery  rate  in  both 
autopsy  and  biopsy  in  1975  was  gratifying,  but  there  has  been  no  specific 
step  that  can  be  regarded  as  controlling  fungi.  Contunued  monitoring  is 
especially  pertinent  since  interpretation  of  clinical  disease  may  be 
aided  very  much  by  adequate  comprehensive  autopsy  and  biopsy  culturing. 
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23.  (U)  Most  infections  in  severely  burned  soldiers  are  due  to  opportunistic  flora 
and  there  have  been  several  species  recognized  as  having  major  pathogenic  potential 
only  after  they  had  been  found  in  cases  of  sepsis  in  burns.  Detection  of  potential 
pathogens  capable  of  setting  up  nosocomial  infection  is  merited  as  enlarging 
knowledge  regarding  wound  infection  potentialities  in  injured  soldiers. 

24.  (U)  Special  culture  technics  and  substrates  are  used  as  Indicated  by  biology 
of  detected  groups. 

25.  (U)  75  07  - 76  09  Significant  numbers  of  9 species,  8 of  which  were  oxidative  eind 
one  ffjmentative , were  recovered  from  autopsy  and  biopsy  specimens.  High  concentration 
in  some  quantitative  tissue  cultures  ruled  out  casual  contamination  of  a source. 
Potential  bum  wound  pathogens  have  thus  been  exposed. 
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Oxidative,  non- fermentative  gram-negative  bacteria  have  been  found  in 
significant  numbers  as  predominant  organisms  in  tissues  at  autopsy  and/or 
biopsy  of  burned  patients.  These  species  are  seldom  recovered  from  clinical 
specimens;  their  relatively  slower  growth  and  fastidious  character  make 
overgrowth  by  Enterobacteriaceae  a major  complicating  factor  in  their  detec- 
tion. Eighteen  patients  harbored  one  or  more  of  10  species,  with  Pseudomonas 
TOltophilia,  Pseudomo.^as  putida,  Acinetobacter  calcoaceticus  and  Acinetobacter 
Fwoffi  as  ^edominant  ferms.  Their  presence  as  predominant  organisms  at 
autopsy  suggests  that  they  may  play  a significant,  if  unrecognized,  role  in 
burn  morbidity  and  mortality.  As  relatively  new  opportunistic  invaders,  they 
should  be  sought  v/ith  more  effort  than  is  presently  routinely  made. 


Burns 

Oxidative  gram-negative  bacilli 

Pseudomonas 

Acinetobacter 

Aicaligenes 

Flavobactrum 

Humans 


NON- FERMENTATIVE  GRAM- NEGATIVE  BACILLI  IN  BURNED  SOLDIERS 
NEW  POTENTIAL  OPPORTUNISTIC  PATHOGENS 


From  the  first  recognition  of  infectious  disease  as  caused  by  bacteria, 
there  has  been  a continually  expanding  recognition  of  oalhogenic  microorgan- 
isms. Specific  diseases  were  associated  with  causative  agents,  and  even  in 
non-specific  situations  such  as  wound  infections,  emphasis  was  placed  on  aero- 
bic cocci  and  Clostridia  as  the  principal  offenders.  From  pre-bacteriologic 
time,  however,  records  point  to  one  non-fermentative  bacillus,  B . pyocy aneus , 
now  designated  Pseudomonas  aeruginosa.  The  blue-green  pigment  seen  on 
wound  dressings,  which  incidentally  often  prompted  a favorable  prognosis,  was 
and  still  is  caused  by  this  ubiquitous  organism,  which  is  innocuous  for  healthy 
individuals  but  v;hich  can  act  as  a lethal  invasive  pathogen  in  severe  burns, 
debilitated  individuals,  or  in  immunological ly  compromised  individuals.  An 
increasing  number  of  gram-negative  bacilli  other  than  classic  Enterobacteriaceae 
species  have  been  recognized  in  recent  years  as  capable  of  opportunistic  patho- 
genic activity.  Many  of  these  are  oxidative  rather  than  fermentative  in  their 
utilization  of  carbohydrate.  Their  pathogenic  activity  can  involve  generalized 
sepsis,  especially  in  infants  and  children,  but  their  primary  interest  in  burn 
patients  revolves  around  their  role  as  opportunistic  wound  invaders. 

METHODS 

Routine  diagnostic  procedures  on  wound,  blood,  sputum  and  other  body 
fluids  do  not  exclude  specific  search  for  obscure  species,  but  it  has  not  been 
feasible  to  scrutinize  exhaustively  every  clinical  specimen.  However,  tissues 
from  wound,  lung,  liver  and  spleen  are  cultured  quantitatively  in  autopsies, 
as  are  biopsy  specimens,  and  the  highest  dilution  with  discrete  colonies  is 
scrutinized  in  detail  for  unusual  organisms.  Colonization  of  burn  wound, 
pneumonia  or  septicemia  caused  by  organisms  sequestered  in  spleen  and  liver 
could  be  revealed  by  such  examination,  and  the  extent  of  recovery  of  unusual 
species  has  validated  this  supposition.  A significant  number  of  oxidative  or- 
ganisms of  species  not  previously  observed  in  the  Institute  of  Surgical  Research 
patients  have  been  recovered. 

UNUSUAL,  GRAM-NEGATIVE  BACILLI  RECOVERED  IN  1975 

Unusual,  mainly  oxidative,  non-fermentative  gram-negative  bacilli  re- 
covered from  high  dilution  plates  at  autopsy  are  summarized  in  Table  1 . There 
were  18  patients,  out  of  76  autopsies,  in  whom  one  or  more  of  these  unusual 
species  were  recovered.  Thus,  23%  of  autopsies  of  bu*”n  deaths  showed  one  or 
more  of  these  species  predominant  in  wound  and/or  v.scera.  This  is  not  an  in- 
consequential rate  of  colonization  and  potential  infection,  and  makes  continued 
search  for  these  organisms  a highly  desirable  procedure' 

There  were  10  species  recove'^ed.  Their  distribution  by  numbers  cf 
patients  and  by  source  is  shown  in  Table  2.  The  predominant  species  was 
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Table  1 . Uncommonly  Isolated  Cram-Negative  Nonfermenting 
Organisms  from  Postmortem  Tissues  - 1975 


Autopsy 

No. 

Patient 

1^. 

Source 

Organism 

A-3-75 

3 

Spleen: 

Aclnetobacter  Iwoffi 

A-4-75 

5 

Tissue  if  4: 

AcInetobacter  Iwofti 

A-5-75 

240* 

Spleen: 

Pseudomonas  mat toph Ilia 

A-6-75 

15 

LUL,  Liver,  Spleen, 
ALL: 

LUL.  AUL,  ALL, 

Spleen: 

Pseudomonas  ,:ialtophl  1 la 
Pseudomonas  put  I da 

A-7-75 

6 

Liver: 

Fiavobacterium,  Type  II-B 

A-9-75 

30 

Spleen: 

Tissue  3x.  # 2 

Tissue  8x.  if  8, 
Li  vet;  LUL,  AUL. 
Spleen,  LLL; 

Horaxella  oslensis;  Aclnetobacter 
calcoaceticus 

.aclnetobacter  Iwoffi;  Pseudomonas 
maltophl 1 la 

Pseudomonas  maltophl II a 

A- 10-75 

25 

Liver  : 

Pseudomons?  tiurUophllla 

A- 11-75 

23 

Spleen,  ALL,  Liver: 
LLL: 

Psv"'iofflonas  maltophl 'la 
Pseud' monas  put  I da 

A- 12-75 

28 

Spleen: 

Apyocyanogen  I c Pseudomona:. 
aeruginosa 

A-28-75 

46 

Spleen; 

ALL: 

LLL,  AUL; 

Apyocyanogen  i c Pseudotnoniis 
•eruglriosa 

Achromobacter,  biotype  3. 
Pseudomonas  mal tophi  1 la 
Pseudomonas  mal tophi  1 la 

A-29-75 

AG 

Liver; 

Pseudomonas  mal tophi  1 la 

A-30-75 

86 

Liver-: 
LLL,  ALL: 

Aclnetobacter  calcoaceticus 
Pseudomonas  ma 1 toph Ilia 

A-31-75 

80 

Spleen; 

Aclnetobacter  calcoaceticus 
Pseudomonas  ma 1 toph ilia 

A-38-75 

109 

Liver,  LLL,  Spleen; 
AUL,  LUL: 

Acii.'omobacter  sp. 
Pseudomonas  put  Ida 

A-39-75 

96 

ALL,  LUL,  Spleen; 

Achromobacte''  sp . 

A-41-75 

128 

AUL: 

Achromobacter  so.  j 

A-i»5-75 

137 

tissue  9x.fi  4; 

AcJ^netobaci8£  caJ_c.oacetlcu£  _ _ 

Citrobacter  di versus*  | 

A-34-75 

85 

AUL: 

* Oroanlsm  recov*..r«( 
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Pseudomonas  maltophilia,  found  in  9 patients.  Antemortem  sepsiS  has  been 
suggested  as  a plausible  source  of  sequestration  of  bacteria  in  viscera.  Acine- 
tobacter  Iwoffi , formerly  classified  as  Mima  polymorpha,  and  Acinetobacter 
calcoaceticus,  the  former  Herellea  vaginicola,  were  similar  in  rate  of  occurrence. 
Pseudomonas  putida,  and  2 species  of  Achromobacter,  were  each  recovered 
from  3 autopsies.  The  total  recovery  rate  was  similar  to  earlier  studies  of 
this  material.  The  smaller  totals  for  1975  are  due- to  a more  limited  series  of 
examinations . 


Table  2.  Patients  and  Sites  From  Which  Oxidative 
Organisms  Recovered  at  Autopsy,  I SR  - 1975 


Species 

No.  Patients 
Positive 

Wound 

Sites  of  Recovery 
Spleen  Liver 

Lung 

A.  Iwoffi 

3 

2 

1 

Ps . maltophilia 

9 

2 

5 

5 

4 

Ps.  putida 

3 

1 

2 

Flavobact.  II, B 

1 

1 

Moraxella  osloensis 

1 

1 

A.  calcoaceticus 

4 

1 

2 

1 

Apyocyaninogenic  Ps. 
aeruginosa 

2 

2 

Achromobacter  Type 

3 3 

2 

1 

3 

Achromobacter  sp 

3 

2 

3 

Cilrobacter  diversus 

1 

1 

It  was  observed  that  patients  in  whom  a non-fermenting,  e>otic  or- 
(lanism  was  found  were  especially  prone  to  harbor  more  than  one  species, 
bv  en  patients,  out  of  the  18  positive  for  an  oxidative  species,  harbored 
mo.  2 than  one  species.  This  sequence  is  shown  in  Table  3.  Ps.  maltophilia, 
ill  parallel  with  its  overall  incidence,  was  found  in  5 of  the  7 multiple 
infections.  Liver  and  lung  were  each  positive  in  6 patients,  the  spleen  in 
5,  while  only  one  patient  with  multiple  organisms  had  a mixed  culture  in 
samples  of  the  burn  wound. 

Antemortem  isolations  were  less  common  than  those  recovered  at 
autopsy,  but  there  were  5 species  recovered  from  clinical  specimens. 

Their  occurrence,  in  connection  with  postmortem  recoveries,  and  the  total 
of  isolates  of  each  species  of  oxidative  mi rcaorganisms,  are  presented  in 
Table  4,  A[)yocyaninogcnic  Ps  aeruginosa,  Ps . putida.Ps.  maltophilia  and 
Ps  acidovoruns  wore  recovered  antemortem,  the  first  3 were  also  conspic- 
uous in  autopsy  mate  rial 
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1 ne  burn  injuries  incurred  by  the  patients  from  whom  oxidative  organisms 
were  recovered  were  relatively  severe.  The  totai  burn  and  extent  of  third 
degree  burn  are  shown  in  Table  5.  Burn  extent  ranged  from  46.5%  to  93% 
of  body  surface.  Five  out  of  8 patients  had  burns  of  over  60%  total  body  surface. 
Sepsis  in  such  injuries  is  not  unusual.  However,  there  was  no  unique  quality 
about  the  injuries  that  would  set  them  aside  from  injuries  wiih  more  typical 
fermentative  flora. 

The  strains  of  3 species  of  Pseudomonas  other  than  aeruginosa  were 
examined  for  their  sensitivity  to  Sulfamylon,  since  each  of  these  had  been 
recovered  from  patients  whose  wounds  merited  topical  treatment  to  control 
invasive  infection.  Results  are  shown  in  Table  6.  The  strains  were  inhibited 
by  0.078%  concentration .- 

Since  a highly  refined  phage  typing  system  for  Ps . aeruginosa  has  been 
developed  and  serves  to  monitor  this  organism,  a sample  of  strains  of  Ps . 

Dutida,  Ps.maitophilia  and  Ps.pseudoalcali genes,  were  tested  with  all  18  of 
tne  typing  phages.  No  strains  reacted  at  the  routine  test  dilution,  but  8 out 
of  10  of  the  Ps . maltophi lia  reacted  with  phage  M-6  when  it  was  used  undiluted. 
The  other  3 strains  of  2 species  did  not  type.  It  is  of  interest  to  note  that  Pseudo- 
monas fluorescens  strains,  a species  closely  related  to  Ps . aeruginosa,  were 
found  to  be  susceptible,  in  a mall  proportion  of  isolates,  to  phage  44. Cross- 
species  susceptibility  in  the  genus  Pseudomonas  suggests  a common  cell  struc- 
ture that  also  makes  pathogenic  involvement  with  this  genus  more  plausible. 

The  distribution  of  oxidative  organisms  was  not  typical  of  major  epidemic 
pattern  of  spread,  but  the  periods  of  positive  recoveries  came  in  clusters. 

Some  episodes  chronologically  suggestive  of  patient-to~patient  transmission 
occurred,  ’’"he  strains  are  slow  growing  and  readily  obscured  by  Entero- 
bacteriarcae  in  pure  culture, and  their  detection  is  probably  far  from  adequate 
in  laboratories  not  specifically  geared  to  search  for  them.  All  of  the  autopsy 
and  biopsy  specime  'S  v'ere  recovered  as  predominant  organisms  in  tissues; 
this  prompts  the  st.  ? ,■  . upposition  that  they  played  a significan*  role  in  the 
infection.  They  were  undoubtedly  present  in  mixed  flora  on  the  burn  wound, 
and  routine  cultural  procedures  failed  to  detect  them. 

The  history  of  recognition  of  opportunistic  invaders  in  wounds  has  been 
a succession  of  situations  in  which  the  opportunist  was  initially  dismissed  as 
a contaminant  and  not  of  clinical  significance . Ps . aeruginosa  was  at  one  time 
thus  regarded,  as  were  the  various  species  of  Enterobacteriaceae  which  are 
now  recognized  as  major  causes  of  sepsis  in  burn  wound  infections.  The  rela- 
tively obscure  group  of  oxidative  forms  thus  far  accumulated  in  burns  is  not 
now  a recognizable  clinical  problem,  but  their  pi  esence  in  large  numbers  in 
wounds  and  viscera  at  autopsy  indicates  that  they  can  play  a pathogenic  role. 

Ps.  maltophi  lia  in  particular  merits  closer  observation.  Monitoring  such  exotic 
species  is  required  if  a true  picture  of  burn  wound  pathogenesis  is  to  be 
obtained. 


PRESENTATION 


Table  5.  Survey  of  Pseudomonas  Maltophilia  Recovered 
From  ISR  Patients 


[~* Total  Patients;  10'  ^ 


Total  Isolates:  24  | 


I.AMTEMORTEH  ‘ ISOLATE: 

”T~] 

Patient  No. : 

133 

Percent  Burn: 

37% 

Percent  of  3 : 

1% 

Source: 

Blood 

POSTMORTEM 

ISOLATES:  23 

Zl 

Patient 

No. 

Percent 

Burn 

Percent 
of  3* 

Source 

240 

67.0 

18.5 

Spleen 

RG 

63.0 

14.5 

Liver 

15 

77.5 

53.0 

LUL,  Liver,  Spleen,  RLL 

23 

65.5 

40.5 

Spleen,  RLL,  Liver 

25 

62.5 

3 3 

Liver 

30 

51.0 

31.5 

A # 2,  A # 8,  1 iver.  Spleen 
LLL,  LUL,  RUL 

46 

46.5 

3.0 

LLL,  RLL,  RUL 

80 

54.5 

II. 0 

Spleen 

86 

93.0 

62.5 

LLl,  RLL 

i 

* 1974  admission;  culture  received  1975. 
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Table  6.  Special  Studies  on  Pseudomonas  Species 
Ovher  Than  Aeruginosa 


Patient 

Sensitivity  to 

Reaction  to  P.  aeruginosa 

No. 

Sul f amyl on* 

Bacterio|.hage  system"*’^ 

P.MALTOPHILIA: 

ickic 

30 

0.078 

P- 

15 

- 

P- 

23 

- 

P- 

28 

0.078 

P- 

80 

0.078 

P- 

RG 

0.078 

P- 

183 

0.156  (3  isolates) 

P- 

128 

0.312 

NT 

46 

0.078 

P- 

241 

0.078 

NT 

P.  PUT! DA: 

23 

0.156 

NT 

* Sensitivity  procedure  same  as  than  for  P.  aeruginosa 
**  Vyping  system  used  which  Is  presently  usedfor  typing 
P.  aeruginosa 

***  Inhibiting  concentration  expressed  in  gms/IOO  ml. 
rtHHr  These  reactions  were  obtained  using  concentrated  phage; 
Code  P-1  denotes  a single  reaction  with  phage  M-6. 
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23.  (U)  To  determine  the  cause  of  the  dysproteinenia  observed  following  burn  injury 

and  to  determine  if  the  more  marked  dysproteii-vemia  seen  in  the  presence  of  infection 
of  the  burn  wound  is  an  effect  caused  by  some  action  of  the  bacteria.  It  is  hoped 
that  this  will  aid  in  understanding  similar  changes  which  are  observed  in  burned 
soldiers . 


24.  (U)  Incorporation  of  (2-^^C)  glycine  into  the  serum  proteins  of  groups  of 

control,  burned,  burned-infected,  and  treated  burned-infected  rats  has  been  measured. 
Body  albumin  distribution  was  determined  by  radioimmunoeissay  using  extracts  o^ 
tissues  obtained  on  the  sixth  day  postburn.  Measurements  of  water  cdntent  of  skin 
during  the  early  postburn  period  are  being  made.  Exchange  rates  of  albumin  between 
the  intravascular  and  extravascular  compartments  will  be  measured. 


25.  (U)  75  07  - 76  09  Groups  of  burned  rats  (20%  body  surface  burn)  untreated,  or 

treated  one  hour  postburn  by  subcutaneous  injection  of  hyaluronidase  or  salin’e  into  the 
burn  wound  area  all  had  lowered  plasma  volumes  at  6 hours  postburn.  When  provided  wit); 
food  and  water  ad  lib,  but  given  no  further  treatment,  the  plasma  volumes  of  all 
groups  had  returned  to  normal  at  24  hours  and  were  greater  than  normal  at  48  hours 
postburn.  The  water  content  of  the  burned  skin  was  elevated  at  6 hours  and  was  • 
similar  for  all  groups.  The  water  content  of  the  burned  skin  remained  elevated  at 
24  and  48  hours  postburn  but  was  consistently  lower  in  the  skin  of  rats  treated 
with  hyaluronidase  than  in  the  skin  of  the  saline  treated  rats  or  of  those  which 
received  no  treatment. 
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The  carcass  and  the  unburned  skin  of  burned- infected  rats  had  reduced 
levels  of  albumin.  This  was  in  contrast  to  the  tissues  of  burned  rats  without 
infection  in  which  the  albumin  content  was  essentially  normal,  The  albumin 
content  of  the  burned  skin  was  elevated  in  both  groups  of  rats. 

Croups  of  burned  rats  (20%  body  surface  burn)  which  were  untreated, 
or  were  treated  at  one  hour  postburn  by  subcutaneous  injection  of  hyaluronl- 
dase  or  saline  into  the  burn  wound,  all  had  lowered  plasma  volumes'at  6 hours 
postburn.  When  the  rats  were  given  free  access  to  food  and  water,  but  no 
further  treatment,  the  plasma  volumes  of  all  rats  returned  to  normal  at  24 
hours  and  were  greater  than  normal  at  48  hours  postburn. 

Water  content  of  the  burned  skin  of  these  rats  were  elevated  at  6 hours 
postburn  but  was  similar  for  all  groups.  The  water  content  of  the  burned 
skin  of  all  of  the  rats  was  still  elevated  at  24  and  48  hour:  postburn,  but  it 
was  consistently  lower  in  the  burned  skin  of  the  rats  which  had  been  injected 
with  hyaluronidase. 
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STUDIES  OF  DISTURBANCE  OF  PROTEIN  TURNOVER  IN 
BURNED  TROOPS  - USE  OF  AN  ANIMAL  MODEL 


^^jPorr.  le  results  of  earlier  studies  in  which  we  used  the  incorporation 
of  (2-  ’C) glycine  into  serum  proteins  of  burned  and  burned-infected  rats  to 
estimate  synthesis  on  the  6th  day  postburn,  we  concluded  that  decreased  syn- 
tl-'.es's  was  not  the  cause  of  the  prolonged  hypoabluminemia  typically  observed 
following  burn  injury.  Measurements  of  Ussue  albumin  content  demonstrated 
that  the  tissue  albumin  pool  size  of  burned  rats  was  greater  than  normal,  and 
that  the  elevated  albumin  content  of  the  burp  wound  accounted  for  the  total 
increase  in  the^ool  size.  Details  of  the  procedures  used  and  the  results  have 
been  reported. 

Since  that  report  we  have  measured  the  albumin  content  of  the  individual 
tissues  of  a group  of  burned- infected  rats.  The  mean  albumin  contents 
(mg/gm  tissue)  in  the  3 groups  of  rats  are  shown  in  Table  1 . In  contrast  to 
the  burned  rats  which  had  essentially  normal  levels  of  albumin  in  carcass  and 
in  unburned  skin, the  burned- infected  rats  had  reduced  albumin  content  in 
those  tissues.  Despite  this,  the  burned-infected  wound  area  contained  3.5 
times  the  a.*^ount  of  albumin  in  • the  unburned  skin  of  the  burned  or  control 
rats  and  cor.'alned  6 times  the  amount  present  in  the  unburned  skin  of  burned- 
infected  rats. 


Table  1 . Plasma  and  Tissue  Albumin  Content  of  Rats 


Mg  Albumin/gm  Tissue  (wet  wt) 

Control 

N=3 

Burned 

N=5 

Burned-Infected 

N=3 

Carcass 

2.14  + 0.10 

2.02  + 0.10 

1.51  + 0.13 

Eschar 

20.23  + 1.96 

i6.85  + 2.01 

Unburned  Ski.i 

4.88  21  0.16 

4.98  +0.14 

2.81  + 0.30 

Total  Skin 

4.88  + 0.16 

10.33  + 0.53 

8.85  + 0.77 

Mg  Albumin/ml 

Plasma 

26.04  + 1.24 

24.30  + 0.99 

7.98  + 0.49 

Values  are  means  +S.E.M.  Mean  rat  weights  (6  days  postburn)  were  Control, 
196  gm;  Burned,  209  gm;  Burned-Infected,  149  gm.  Preburn  weights  were 
180-200  gm. 


1.  Brown  WL,  Bowler  EG , Mason  AD, Jr.  Pruitt  BA, Jr:  Protein 
metabolism  in  burned  rats.  Amer  J Physiol  231.476-482,  1976. 
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Both  the  wet  weight  and  dry  weight  of  the  skin  from  the  burned  area 
were  greater  than  that  of  an  equivalent  rci  ea  of  skin  from  unburned  rats.  The 
cumulative  result  of  these  changes  is  shown  in  Table  2.  The  skin  of  the  whole 
20%  body  surface  burned  area  contained  4.68  mi  more  water  and  216  mg  more 
albumin  than  did  an  equivalent  area  of  skin  of  contm!  rats. 

Table  2.  Comparison  of  Burned  and  Unburned  Skin  of  200  gm  Rats 


WetWek 
G . 

Dry  Weight 
Cm 

Cm  Water  Mg  Albumin 
in  Tissue  in  Tissue 

W.iole  eschar  (20%  BS  burn) 

i4.16 

4.18 

9.99 

256.95 

Control  skin  of  equal  area* 

8.42 

3.11 

5.31 

41.10 

Difference  (Burn-Control) 

+5.74 

+1.07 

1 mnlH  :&nrl  fKi 

+4.68 

a m it  lino  of 

+215.85 

tKo  oroa  \Aiac 

marked  on  the  skin  with  ink.  That  area,  which  was  equivalent  to  that  of  a 20% 
BS  burn,  was  excised,  weighed,  and  dried  to  constant  weight.  Values  are 
means  of  3 rats  each  group. 


Additional  groups  of  rats  with  a 20%  body  surface  burn  were  untreated* 
or  were  given  a subcutaneous  injection  of  hyaluronidase  (150  units  in  1 ml 
saline)  or  of  1 ml  0.15  M NaCI  into  the  burn  wound  at  one  hour  postburn.  Rats 
of  all  3 groups  showed  lowered  plasma  volumes  at  6 hours  postburn.  When 
given  free  access  to  food  and  water,  but  no  further  treatment,  the  plasma 
volumes  of  all  3 groups  returned  to  normal  by  24  hours  and  were  greater  than 
normal  at  48  hours  postburn. 

Water  content  of  the  burned  skin  of  these  rats  was  elevated  at  6 hours 
postburn  and  was  similar  for  all  groups.  The  water  content  of  the  burned 
skin  of  all  of  the  rats  was  still  elevated  at  24  hours  and  at  48  hours,  but  it 
was  consistently  lower  in  the  burned  skin  of  the  rats  which  had  been  injected 
with  hyaluronidase.  This  data  will  be  reported  later, 
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23.  (U)  To  evaluate  the  nutritional  efficacy  of  standeurd  high  protein  diets, 
nutritional  supplements  and  elemental  diets  in  burned  patients.  To  determine  the 
hormonal  and  dietary  factors  which  inflvience  nitrogen  balance  in  thermally  injured 
troops . 

24.  (U)  Use  of  defined  diets  or  specific  nutrient  loauJing  administered  by  the  oral 
or  intravenous  route  and  determine  nitrogen  balance,  amino  acid  patterns,  or  serum 
protein  response. 

25.  (U)  75  07  - 76  09  Nitrogen  balcuice  in  burned  man  plateaus  when  the  metabolic 
rate — carbohydrate  ratio  approaches  unity.  Addition  of  exogenous  insulin  cem  effect 
further  nitrogen  sparing.  Phenylalanine  flow  increases  in  the  postburn  period  as  an 
index  of  muscle  catcibolism. 
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Improved  and  sustained  dietary  Intake  has  Continued  as  a major 
priority  in  supporting  thermally  Injured  patients.  Additional  dietary 
supplements  and  tube  feedings  have  been  developed  in  the  metabolic 
kitchen  by  modifying  conmercially  available  liqbid  diet  formulas.  These 
enteral  feedings  are  supplemented  by  hypercaloric  glucose  and  amino  acid 
infusions  with  or  without  fat  emulsions.  The  specific  role  of  dietary 
tyrosine  and  gastrointestinal  absorption  of  otfier  nutrients  in  injured 


patients  have  been  studied  and  are  presented  in 


separate  reports. 
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Humans 
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23.  (U)  To  determine  if  neutralization  of  hydrogen  ions  by  antacid  administration 

to  burned  soldiers  who  nwmlfest  disruption  of  the  gastric  mucosal  barrier  will  prevent 
progressive  geuitric  mucosal  damage,  gastric  hemorrhage,  or  perforation. 

24.  (U)  All  patients  admitted  to  the  Institute  of  Surgical  Research  Within  72  hours 
after  sustaining  greater  than  35%  total  body  surface  injury  will  be  considered  for  this 
study.  A lithium  flux  test  will  be  performed  as  has  been  previously  described  within 
the  72-hour  postburn  period.  The  patients  will  then  ba  randomly  assigned  to  receive  a 
Btandaurd  antacid  preparation  or  no  neutralization  of  gastric  acid.  The  patients  with 
disruption  of  the  gastric  mucosal  barrier  who  receive  antacid  therapy  will  be 
statistically  coinpared  as  regards  hemorrhage  and  perforation  to  those  with  disruption 
of  the  gastric  mucosal  barrier  who  receive  no  antacid  therapy. 

25.  (0)  75  07  - 76  09  This  project  is  now  completed.  Conclusions  from  the  data  show 
that  antacids  significantly  reduce  gastroduodenal  mucosal  complications  following 
thermal  injury  when  compared  to  a nontreatment  group.  Of  27  patients  treated  with 
antacids,  only  one  complication  developed.  However,  of  the  27  patients  in  the  non- 
treatment group,  seven  major  complications,  including  perforation  of  the 
gastrointestinal  tract  and  significant  hemorrhage  occurred. 
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This  study  prospectively  investigated  the  effectiveness  of  antacids 
in  the  prevention  of  stress  ulcerations  following  thermal  injury. 

The  integrity  of  the  gastric  mucosal  barrier  (GMB)  was  assessed, 
using  the  lithium  flux  technique.  Twenty  one  of  the  5^  study  patients 
had  abnormal  GMB's.  Twenty-seven  patients  received  60  cc  of  an  antacid 
preparation  containing  a combination  of  aluminum  hydroxide  and  magnesium 
hydroxide  each  hour;  the  remaining  27  received  no  antacid  therapy.  Clin- 
ical complications  were  compared  in  the  two  groups  (Table  1), 

TABLE  1 


Antacid  Group  No  Antacids 


Total  patients 

Compl icat i ons 

Gastrointestinal 

hemorrhage 


27 

7 


27 

1 


1 


Perforation 


0 


ConciMstoni 


At  c«n  bt  noted  tn  Table  1,  the  antacid  group  demonstrated  a mar- 
kedly decreased  Incidence  of  gastrointestinal  compi  Icatlons  when  com- 
pared to  the  nontreatnent  group.  Based  on  this  data,  this  unit  cur- 
rently administers  antacids  for  prophylaxis  In  the  prevention  of  erosive 
gastritis  and  ulceration  following  thermal  Injury. 
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A review  of  39  coti^leted  patient  records  from  July  to  Septem- 
ber 1976  Indicates  that  pulmonary  complications  continue  to  be  a 
common  problem  In  the  burned  patient.  Cf  major  Interest  to  the 
clinician  are  the  pathophysiology,  early  detection,  and  therapy 
of  pulmonary  Injury  associated  with  burns.  Previous  pulmonary 
studies  In  the  burned  patient  utilized  tests  developed  to  quantify 
chronic  obstructive  lung  and  restrictive  lung  disease.  These  con- 
ventional measurements  are  Inadequate  for  early  detection  of  pul- 
monary edema.  Inhalation  Injury,  and  upper  airway  obstruction.  In 
the  next  year,  more  specific  methods  will  be  required  to  evaluate 
alternate  therapies  In  the  pulmonary  complications  of  the  burned 
patient. 


Inhalation  Injury 
Thermal  Ic'Jury 
Pulmonary  complications 
Therapy 


PULMONARY  COMPLICATIONS  IN  THERMAL  INJURY 


A review  of  39  completed  pet|ent  records  from  July-  to  Sep- 
temper  1976  Indicates;  tliat  pulmonary  complications  continue  to  be 
a common  problem  in  the  burned  patient.  Of  major  Interest  to  the 
clinician  are  the  pathophysiology,  early  detection,  and  therapy  of 
pulmonary  Injury  associated  w|th  burns. 

Incidence  of  Inhalation  Injury 

Previous  reports  of  the  incidence  of  inhalation  injury  by 
standard  clinical  criteria  Is  about  3^.  With  the  advent  of 
fiberoptic  bronchoscopy  and  l33Xenon  lung  scans,  the  diagnosis  of 
Inhalation  injury  due  to  toxic  fumes  and/or  products  of  incomplete 
combustion  can  be  made  earlier  In  the  hospital  course.  Of  the 
39  patients  reviewed,  15  had  the  diagnosis  of  inhalation  Injury 
for  a 38^  incidence.  Fiberoptic  bronchoscopy  was  performed  at 
bedside  on  20  patients  and  xenon  scans,  as  a diagnostic  procedure, 
on  12. 

For  inhalation  injury,  the  clinical  problems  are  accurate, 
early  diagnosis,  possible  acute  upper  airway  obstruction,  and 
therapeutic  options.  For  inhalation  injury  with  smoke  inhalation, 
upper  respiratory  tract  findings  may  not  indicate  degree  of  pul- 
monary parenchymal  involvement.  Serial  determination  of  pulmonary 
interstitial  fluid  volume  may  be  of  prognostic  usefulness. 

Our  current  therapeutic  regimen  for  inhalation  injury  includes 
intermittent  positive  pressure  breathing,  mucomyst,  chest  physto" 
therapy,  occasional  sf.roids,  bronchodi  lators,  and  humidified  oxy- 
gen. Aerosolized  Gentamycin  has  been  used  according  to  protocol 
study.  Among  other  possible  therapeutic  options  available  for  eval- 
uation are  prophylactic  CPAP,  incentive  spirometry,  and  synthetic 
surfactant.  The  current  therapy  is  nonspecific  and  has  not  been 
evaluated  in  a prospective  double-blind  clinical  study.  At  this 
time,  there  is  little  scientific  evidence  for  the  efficacy  of  IPPB 
in  pulmonary  disease. 

Acute  Upper  Airway  Obstruction 

Acute  upper  airway  obstruction  has  necessitated  emergency  air- 
way management  in  six  cases  in  the  past  15  months  and  In  two  cases 
in  the  39  cases  reviewed. 

The  use  of  steroids  has  been  advocated.  However,  quanti- 
tative evaluation  of  upper  airway  obstruction  has  been  difficult. 
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Proposed  methods  for  evsluatfon  of  upper  atrvt^  obstruct  ton  tnr 
dude  the  use  of  ultrasound  probe  to  measure  trachea  dtmenstons 
and  oscti lometrfc  reststance  measurements  to  detepmtne  nasal  and 
tracheal  reststance  with,  gases  of  dtffepent  vtscostty-. 

Acute  Resptrator./  Pa  More 

Of  39  patterrts  revt«d«d,  17  required  the  ventilatory  support 
of  a volume'^cycled  respirator  during  their  hospitalization.  All 
except  three  patients  vfith  tracheostomies  were  managed  via  an 
endotracheal  tube.  Many-  patients  required  high  airway  pressures 
and  post-expiratory  pressure  to  maintain  adequate  ventilation  and 
arterial  oxygenation.  The  low  pulmonary  compliance  was  due  in 
part  to  Increased  interstitial  pulmonary  fluid  or  pulmonary  edema. 

Postmortem  findings  on  eight  patients  showed  pulmonary  edema 
and  congestion,  Indicating  fluid  overload'  (with  respect  to  pul- 
monary parenchyma)  Is  a major  factor  In  the  pathogenesis  of  acute 
respiratory  distress  syndrome  in  these  patients,  it  Is  suspected 
but  not  proven  that  Increased  capillary  permeability  plays  a major 
role;  however,  other  possibilities  include  the  role  of  vasoactive 
substances  and  Inhomogenous  distribution  of  arteriolar  constriction 
because  of  hypoxemia.  Early  measurement  of  pulmonary  interstitial 
fluid  volume  would  be  useful  In  fluid  management  in  patients  prone 
to  the  acute  respiratory  distress  syndrc.ne. 

Sulfamyion  Topical  Therapy 

Three  patients  were  suspected  of  having  an  adverse  reaction 
to  Sulfamyion  topical  therapy  with  metabolic  alkalosis  and  hyper- 
ventilation. Despite  the  intermittent  application  and  rotational 
use  of  Sulfamyion,  the  pulmonary  complications  continued  to  occur, 
perhaps  in  predisposed  patients.  Earlier  detection  of  Sulfamyion 
hypersensitivity  would  be  clinically  valuable.  ‘Carbon  dioxide 
respiratory  center  testing  may  allow  differentiation  of  susceptible 
patients. 

Other  Complications 

There  were  no  reports  of  pleural  effusion  or  pulmonary  emboli 
in  the  period  reviewed.  Perhaps  the  absence  of  pulmonary  emboli 
in  this  seemingly  susceptible  class  of  almost  iirimob(le  patients 
is  a protective  result  of  a hyperkinetic  metabolic  effect  on  cir- 
culation. Pneumothorax  occurred  In  three  patients  with  ty«)  cases 
of  Iatrogenic  nature,  secondary  to  central  intravenous  line  in- 
sertion. Twelve  patients  had  the  clinical  and  laboratory  diagnosis 
of  bacterial  pneumonia,  including  two  cases  of  hospital -acquired 
aspiration  pneumonia. 


Inhalation  Injury  and  Surfactant  Therapy' 

inhalation  injury,  associated  with  pulmonary  failure,  adds 
significantly  to  the  morbidity  and  mortality-  of  thermal  injury. 
Even  in  the  absence  of  inhalation  injury,  previous  research  h. s 
shown  a significant  decrease  in  pulmonary- surfactant. 

in  this  study,  tracheostomized  goats  were  subjected  to  smoke 
inhalation.  Dynamic  compliance  prior  to  injury  was  compared  to 
dynamic  compliance  following  treatment  with  nebulized  dtpalmityl- 
lecithin  or  with  the  DPL  solvent. 

Histopathology  showed  inhalation  injury  in  all  animals;  no 
post- treatment  difference  between  the  twq  groups  was  observed. 

The  dynamic  compliance,  however,  In  the  surfactant  group  increased 
67.8^  over  control  values  while  it  decreased  9.58%  in  the  solvent- 
treated  group.  Although  the  number  of  animals  was  too  small  to 
achieve  statistical  significance,  this  experiment  raises  inter- 
esting possibilities  as  to  the  use  of  surfactant  in  the  treatment 
of  inhalation  injury. 
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23.  (U)  To  evaluate  the  use  of  dopamine  in 

soldiers. 


(U)  Cardiac  output;  (U)  Humans 
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treatment  of  septic  shock  in  burned 


24.  . (0)  Patients  meeting  the  criteria  of  reduced  urine  output,  hypotension,  emd 
evidence  of  reduced  central  perfusion  wil),  have  a Swan-Ganz  thermal  dilution  cardiac 
output  cath.eter  inserted  for  determination  of  cardiac  output.  After  bjiseline  studies 
have  been  obtained,  em  infusion  of  dopamine  will  be  administered  Intravenously  at  a 
rate  to  raise  meem  eurterial  blood  pressure  to  60  torr.  Cardiac  outputs  will  then  be 
determined  again. 

25.  (0)  75  07  - 76  09  Eleven  patients  received  intravenous  dopamine.  Of  the  11, 
only  one  survived  the  septic  episode.  Dopamine  produced  an  increased  cardiac  index 
and  reduced  peripheral  resistance  at  low  doses.  Higher  doses  also  increased  ceurdiac 
index  and  redsed  the  systonic  resistance  when  compared  to  low  dose  administration. 
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Investigators:  Gary  W.  Welch,  MD,  PhD,  Lieutenant  Colonel , MC 

Charles  Drueck  ill,  MD 
Robert  WJ.  Baird,  MD,  Major,  MC 
Douglas  W.  Wilmore,  MD 


Eleven  extensively  burned  patients  with  an  average  age  of  30.2  years  and 
an  average  burn  of  62 . 5%  of  the  total  body  surface  who  developed  septic 
shock  have  been  treated  with  dopamine  in  dosage  ranging  from  4.6  - 46,1 
mcg/kg/min.  This  agent  further  elevated  an  already  increased  cardiac  in- 
dex in  these  patients  with  little  effect  on  mean  arterial  blood  pressure.  Pul- 
rrionary  vascular  resistance  was  slightly  elevated  while  systemic  vascular  re- 
sistance was  decreased  with  low  doses  of  dopamine  and  essentially  unchanged 
with  higher  doses.  Both  left  ventricular  and  right  ventricular  stroke  work 
were  significantly  increased  following  administration  of  dopamine.  Only  one 
of  the  11  patients  survived  despite  the  improvement  in  cardiac  performance 
brought  about  by  dopamine.  The  high  mortality  in  this  group  of  patients  re- 
flects an  inability  to  eliminate  the  source  of  sepsis  in  the  patients  studied. 


Dopamine 
Septir  shock 
Burn  injury 
Cardiac  output 
Humans 
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EVALUATION  OF  DOPAMINE  l3,4-DEHYDROXYPHENYLETHYLAMINE) 
FOR  TREATMENT  OF  SEPTIC  SHOCK  IN  BURNED  TROOPS 


Sepsis  remains  the  most  frequent  cause  of  death  in  extensively  burned 
patients.  Septic  shock, which  occurs  frequently  in  patients  with  gram-negative 
infections,  is  often  refractory  to  treatment  by  fluid  loading,  which  may 
only  precipitate  pulmonary  edema  or  the  administration  of  sympathomimetic 
agents,  such  as  catecholamines,  which  may  cause  oliguria  and  even  acute 
tubular  necrosis.  The  use  of  a new  vasoactive  agent,  dopamine,  has  been 
evaluated  in  a group  of  burn  patients  by  assessing  its  ability  to  improve  car- 
diac function  while  maintaining  adequate  peripheral  and  renal  blood  flow. 

Methods 


Eleven  patients  with  burns  of  more  than  40%  of  the  total  body  surface  who 
developed  hypotension  and  oliguria,  unresponsive  to  volume  loading,  in  the 
presence  of  a positive  blood  culture,  have  been  studied  (Table  1) . Prior  to 
the  administration  of  any  pressor  agents,  a Swan-Canz  7f  flow-directed  ther- 
mal dilution  cardiac  output  catheter  was  inserted  either  percutaneously  or  via 
a cutdown  incision.  If  the  patient's  condition  permitted  a preinfusion, 2-hour 
creatinine  clearance  was  done.  All  pressures  were  transduced  with  a Trantec 
pressure  transducer  and  displayed  on  a Tektronix  412  physiologic  monitor. 
Cardiac  outputs  were  done  using  an  Instrumentation  Laboratory  thermal 
dilution  cardiac  output  computer.  Arterial  pressures  were  determined  by 
either  a direct  intra-arterial  catheter  or  the  infrasonde  blood  pressure  monitor. 
Simultaneous  systolic  time  intervals  were  recorded  on  an  8-channel  Elec- 
tronics for  Medicine  recorder,  usinc  standard  limb  leads  for  the  EKC,  a 
Statham  strain  gauge  for  the  carotid  pulse  tracing,  and  a Hewlett  Packard 
microphone  for  the  phonocardiogram.  Following  baseline  studies,  dopamine 
infusion  was  begun  at  a dose  of  4,6  mcg/kg/min.  The  studies  noted  above 
were  then  repeated.  The  dopamine  infusion  was  then  increased  in  400  meg/ 
min  increments  to  a maximum  of  46.1  mcg/kg/min  until  the  desired  response 
was  obtained,  another  agent  was  used,  or  the  patient  expired. 

Results 


Two  hundred  thirty-six  serial  determinations  of  cardiac  output, pulmonary 
artery  pressure,  w<  Jge  pressure,  central  venous  pressure,  blood  pressure 
and  pulse  rale  were  performed  before  (Table  2)  and  during  dopamine  ad- 
ministration. The  dopamine  dosage  employed  ranged  from  4.6  to  46.1  meg/ 
kg  with  an  average  low  dose  of  7.25  mcg/kg/min  and  an  average  high  dose 
of  24.2  mcg/kg/min.  When  given  in  low  doses,  dopamine  increased  the 
cardiac  index,  pulmonary  vascular  resistance,  and  left  ventricular  stroke 
work.  These  changes  were  accompanied  by  ? decrease  in  systemic  vascular 
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DOPAMINE  IN  SEPTIC  SHOCK 


DOPAMINE  IN  SEPTIC  SHOCK 
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resistance  to  an  average  of  17%  below  ^repj'essor  levels,  with  the  lowest 
value  recorded  being  66  dynes  sec/cm^.  M^.  The  right  ventricular  stroke 
work  increased  significantly,  reflecting  the  increase  in  pulmonary  vas- 
cular resistance.  In  high  doses,  the  cardiac  index,  systemic  vascular  re- 
sistance and  the  pulmonary  vascular  resistance,  increased,  although  none  of 
the  increases  were  statistically  significant.  The  left  and  right  ventricular 
stroke  work  increased  significantly,  reflecting  the  elevated  cardiac  index 
and  increased  vascular  resistances.  The  mean  arterial  blood  pressure  in- 
creased by  23%. 

Comparison  of  the  response  to  low  dose  dopamine  with  high  dose  dopamine 
revealed  that  the  higher  dose  increased  systemic  vascular  resistance  and  left 
ventricular  stroke  work  (Table  3)  . The  27%  increase  above  low  dose  levels 
observed  with  the  higher  doses  represented  only  a 5%  increase  of  vascular  re- 
sistance above  prepressor  levels.  A 21%  increase  of  mean  arterial  blood  pres- 
sure was  associated  with  administration  of  the  higher  doses  of  dopamine. 

Low  dose  dopamine  caused  a 17%  decrease  in  systemic  vascular  resistance 
in  association  with  a 35%  increase  in  pulmonary  vascular  resistance,  with  no 
effect  on  mean  arterial  blood  pressure.  In  high  doses,  dopamine  increased 
both  systemic  vascular  resistance  and  cardiac  index,  resulting  in  an  increase 
in  average  mean  arterial  blood  pressure  to  64  mm  Hg,  a 23%  increase  over  pre- 
pressor levels. 

Discussion 


In  these  11  study  patients  with  extensive  burns  and  documented  sepsis, 
hypotension,  indicated  by  a mean  arterial  blood  pressure  42%  less  than  pre- 
dicted, appears  directly  related  to  the  altered  vascular  resistance,  which 
was  68%  below  predicted.  An  incomplete  compensation  has  been  achieved  in 
such  patients  by  elevation  of  the  cardiac  index  to  levels  averaging  55%  above 
predicted  values.  This  cpmpensation,  if  untreated,  will  lead  to  progressive 
cardiovascular  failure.  When  volume  loading  failed  to  ameliorate  these  altera- 
tions, dopamine  was  started  to  preserve  renal  blood  flow  while  increasing 
vascular  resistance  and  supporting  cardiac  function  to  reverse  the  shock 
state.  In  both  high  and  low  dosage,  dopamine  increased  cardiac  index, 
mean  arterial  blood  pressure  and  pulmonary  vascular  resistance,  although  t 
the  elevations  did  not  attain  statistical  significance.  Low  dosage  dopamine  • 
appeared  to  decrease  systemic  vascular  resistance. 

The  effect  of  dopamine  infusion  on  the  pulmonary  resistance  may  be  an  im- 
portant consideration  in  patients  suffering  from  respiratory  insufficiency  and 
hypotension.  An  increase  in  resistance  by  redistributing  pulmonary  blood  flow 
may  actually  increase  ventilation-perfusion  abnormalities.  Dopamine  pro- 
duced a rise  in  pulmonary  vascular  resistance,  even  though  pulmonary  resis- 
tance was  below  normal  prior  to  dopamine  infusion,  and  this  effect  may  limit 


TABLE  3 

DOPAHINE  IM  BEPT^C  SHOCIt 


PM  PRESSOR 


LOW  DOSE  DOPVfIME 
(7.25  ♦ O.S2 


itiaH  DOSE  DOPAMINE 
(2*. 2 + 3.1  i»cg/kg/mln) 


e.i. 

k.95 
t *77 

S.kk* 
♦ .*3 

5.*8 
♦ .39* 

li 

51.75 
♦ 5.3* 

52.88 
♦ 5.7** 

6*.08 

j^.9l2 

SVR 

OvMt'SBC 

707.52 
1 93.71 

58*. 88 
♦ 58.01* 

7*5.38 
♦ 55.31* 

PVR 

Dvn«S’‘t«e 

155 

^.58 

210.52 

♦57.07* 

189 

+23. *5* 

LVSW 

SrM  Ntt«r 
R2 

30.30 
♦ 5.39 

35.58 
♦ *.65* 

*0.80  . 
♦ 6 0|2 

RVSW 

Srwi  Nct«r 
— jjz — 

8.98 
♦ 1.90 

15.25  , 
♦ 2.822 

+1.8?^ 

* 

No  stgnificanco 

1 . 

p .01 

2 

p .05 
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the  clinical  usefulness  of  the  agent.  In  both  low  doses  and  high  doses,  dopa- 
mine significantly  increased  both  left  ventricular  and  right  ventricular  stroke 
work  with  this  inotropic  effect  predominating  and  bringing  about  a transient 
improvement  in  the  hemodynamic  status  of  these  patients. 

This  study  has  demonstrated  that  dopamine -is  capable  of  improving  car- 
diac function  in  septic  burn  patients.  Only  at  the  higher  dose  levels,  how- 
ever, did  it  increase  systemic  vascular  resistance  and  even  then  the  eleva- 
tion was  not  to  significant  levels.  The  decreased  systemic  vascular  resistance 
characteristic  of  septic  shock  was,  in  fact,  exaggerated  by  infusion  of  low 
doses  of  dopamine,  which  would,  therefore,  appear  to  offer  no  unique  benefit 
to  the  septic  burn  patient.  The  mortality  of'91%  in  this  group  of  patients  (oie 
of  11  survived)  reflects  not  the  ineffectiveness  of  dopamine  but  an  inability 
to  eliminate  the  source  of  sepsis  and  the  persistence  of  the  deleterious  ef- 
fects of  the  septic  process. 

r ubilcations  and/or  Presentations 


None 
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23.  (U)  The  objective  of  this  protocol  is  to  see  if  burned  soldiers  with  e;:tensive 
injuries  can  be  effectively  treated  with  antithymocyte  globulin  causing  suppression  of 
cellular  immuni  .y  and  allowing  prolongation  of  allograft  take  in  areas  of  excision. 

24.  (U)  Patients  in  the  15  to  40  age  group  with  full-thickness  thermal  injury  greater 

I than  60%  of  their  body  surface  and  without  significant  pulmonary  injury  will  be  immuno- 
suppressed  with  antithymocyte  globulin  and  serially  excised  and  grafted  with  avail^le 
autograft  and  then  with  fresh  homograft.  The  homograft  will  be  allowed  to  remain  in 
place.  The  patient's  immunosuppression  will  continue  and  as  donor  sites  becotije  avail- 
able the  allograft  will  be  surgically  excised  and  replaced  with  autograft.  Iirar.uno- 
suppression  will  continue  until  all  but  15%  of  the  grafted  surface  is  covered  with 
autograft. 

25.  (U)  75  07  - 76  09  To  date  two  patients  have  been  studied;  a 25  year-old  female 
with  an  85%  thermal  injury  and  an  18  year-old  female  with  a 90%  thermal  injury.  Both 
underwent  excision  and  immunosuppression;  however,  both  had  a rather  rapid  septic 
course.  It  has  been  elected  to  defer  any  more  trials  with  the  immunosuppression 
until  a pat.ent  isolator  in  the  form  of  a vertical  laminar  flow  unit  has  been  obtained 
for  the  unit. 
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THERMAL  INJURY 
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Fort  Sam  Houston,  Texas  78  3^ 
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Reports  Control  Symbol  ME0DH-288(R1) 

The  object  of  this  study  Is  to  evaluate  the  prolongation  of  survival 
of  allograft  which  has  not  been  tissue  typed.  Massive  burn  wounds  fatal 
by  historic  comparison,  are  to  be  excised  In  stages  and  covered  with  non- 
typed  allograft  from  cadaver  source.  The  patients  are  then  Immunosup-  • 
pressed  with  anti  thymocyte  globulin  and  the  grafts  allowed  to  take  and 
%remaln  In  place.  As  donor  sites  become  available  the  allograft  Is  ex- 
cised and  replaced  with  Isograft.  This  has  been  a feasible  treatment  In 
children  with  extensive  burns.  To  date  at  the  Institute  of  Surgical 
Research  two  patients  have  been  managed  in  this  fashion,  neither  has  been 
a survivor  and  both  have  died  of  sepsis. 

At  present  we  are  awaiting  installation  of  a laminar  flow  controlled 
environment  unit  In  order  to  better  Isolate  the  patient  prior  to  further 
attempts.  However  It  must  be  noted  that  we  see  very  few  patients  with 
greater  than  65  to  70%  third  degree  burn  without  significant  Inhalation 
injury.  The  study  will  be  resumed  when  the  laminar  flow  capability  has 
been  acquired. 


Autograft  Isolation 

Mesh  graft  Laminar  flow  room 

Excision  of  fascia  Homograft 

Ant ! thymocyte  globulin  Humans 


*Wilford  Hall  Air  Force  Hospital,  Lackland  AFB , Texas 
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23.  (U)  To  determine  the  efficacy  of  dextrose  administration  as  opposed  to  protein 
administration  in  the  form  of  amino  acid  solutions . The  effect  that  one  or  both  of 
these  solutions  have  on  nitrogen  balance  will  be  determined  and  evaluation  will  be  nade 
of  the  solution  or  combination  of  solutions  which  will  be  most  appropriate  for 
preservation  of  nitrogen  balance  in  the  thermally  injured  soldier. 

24.  (U)  The  patients  sustaining  greater  than  30%  total  body  surface  area  burn  who  are 
admitted  to  the  Institute  of  Surgical  Research  will  be  deemed  suitable  for  the  study 
providing  they  have  no  prior  history  of  liver  disease,  intestinal  disorders  or  other 
chronic  debilitative  diseases.  These  patients  will  be  randomized  and  tJ  y will  receive 
either  dextrose  alone  and  will  have  daily  24-hour  urine  clearances  for  c.  ermination  of 
nitrogen  loss  or  they  will  receive  dextrose  plus  amino  acid  solutions  or  amino  acid 
solution  alone.  The  routine  bloods  which  arc  normally  drawn  will  provide  the  ne-ossary 
serum  information.  The  routine  urine  collections  which  are  obtained  will  be  analyzed 
for  total  nitrogen  and  amino  acid  excretion  levels  m addition  to  those  substances 
which  are  normally  obtained. 

25.  (U)  75  11  - 76  09  TVenty-two  patients  with  body  ^urfate  thermal  iniuries  of  30%  or 
greater  have  thus  far  been  studied.  The  initial  data  indicates  tliat  calorie  per  calorii 
low  dose  glucose  and  low  dose  amino  acid  solutions  achieve  similar  affects  as  nitiogen 
sparing.  No  support  has  been  gamed  for  the  hypothesis  that  a.tiino  nitrogen  alone 
provides  a better  nitrigan  balance.  Similar  findings  were  appt.ront  in  septic  patients 
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Hear  isotonic  hypocaloric  diets  containing  glucose  and  amino  acids 
significantly  diminish  nitrogen  loss  in  severely  burned  patients.  The 
impact  of  both  substrates  on  nitrogen  balance  was  similar  and  additive. 
Indices  of  organ  function  improved  with  glucose  addition  to  the  diet. 
Glucose,  together  with  amino  acids,  is  the  most  efficacious  hypocaloric 
diet  for  short-term  alimentation  in  the  critically  ill  patient. 


Nitrogen  balance 
Thermal  injury 
Dextrose 

Amino  acid  solutions 
Humans 
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THE  EFFECT  OF  DEXTROSE  AND  AMINO  ACID  SOLUTIONS  ON 
nitrogen  excretion  and  NITROGEN  BALANCE  FOLLOWING 
THERMAL  INJURY  IN  BURNED  SOLDIERS 

Thermal  injury,  like  trauma  of  other  etiologies,  results  in  a 
catabolic  state  which  must  be  limited  and  ultimately  reversed  if  re- 
covery is  to  occur.  A positive  nitrogen  balance  may  be  obtained  by 
the  provision  of  adequate  protein  and  calories.  Unfortunately,  in  the 
immediate  post  traumatic  period,  gut  motility  is  impaired  and  if 
nutrients  are  to  be  given,  they  must  be  administered  intravenously. 

Isosmotic  solutions  which  provide  calories  are  useful  in  limiting 
nitrogen  loss.  Such  solutions  may  be  administered,  by  peripheral  vein 
and  are  prsrt icularly  advantageous  in  situations  where  lack  of  oral  in- 
take is  of  limited  duration,  difficult  fluid  and  electrolyte  problems 
require  frequent  alterations  in  infusion  rate  or  electrolyte  composition 
or  frequent  administration  of  intravenous  medications  is  required.  The 
purpose  of  this  study  is  to  define  the  composition  of  a near  isosmotic 
solution  with  respect  to  amino  acid  and/or  glucose  content  which  will 
provide  maximal  effect  per  calorie  in  reducing  nitrogen  loss  and 
preserving  optimal  organ  and  metabolic  functions  in  traumatized  patients 
with  and  without  systemic  infection. 

MATERIALS  AND  METHODS 

Thirty~two  thermally  injured  patients  with  an  average  burn  size  of 
5^.7  ± 18,3^  and  a mean  age  of  35.2  ± ’?.2  years  were  resuscitated  with 
3 to  4 cc  lactated  Ringer's  per  per  cent  burn  per  body  weight  in  kilo- 
grams. Immediately  following  the  24  hour  resusci tative  period,  the 
patients  were  divided  into  three  groups.  Nutrients  were  given  isosmotic- 
ally  by  vein  and  caloric  intake  was  not  permitted  by  mouth  during  the 
three'  to  nine  day  study  period.  The  first  group  (Group  I)  received 
glucose  free  infusates  either  devoid  of  calories  or  containing  amino 
acids  (FreAmine  II,  McGaw) . Each  patient  was  maintained  on  a constant 
dose  for  a 24  hour  period;  however,  the  quantity  of  amino  acids 
administered  on  a day  to  day  basis  was  randomly  varied. 

The  second  group  (Group  II)  was  given  either  60  or  12Q  grams 
glucose  per  m^  per  24  hours  or  60  or  120  grams  of  glucose  per  m^  per  24 
hours  plus  amino  acids  CFre  Amine  11,  McGaw).  The  quantity  of  amino- 
nitrogen  administered  v^as  maintained  et  a constant  infusion  rate  for  24 
hour  periods;  however,  the  amount  of  amino  acids  given  from  day  to  day 
was  varied  in  a periodic  random  manner. 

The  third  group  (Group  Ml)  received  6Q  grams  glucose  plus  appro:;i- 
mately  11  grams  amino-nitrogen  (fre  Amine  II,  McGaw)  per  m^  per  24  hours 
continuously  for  three  to  nine  days. 

When  a positive  blood  culture  \.as  obtained,  the  patient  was  per- 
manently excluded  from  the  above  groups.  During  the  course  of  therapy, 
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k patients  from  Group  I,  IQ  patients  from  Group  11,  and  1 patient  from 
Group  III  had  positive  blood  cultures  at  the  beginning  and  termination 
of  a 2k  hour  infusion  period.  These  bacteremlc  patients  provided  the 
data  for  analyzing  the  effect  of  various  infusions  In  the  presence  of 
systemic  infection. 

Daily  blood  cultures  were  obtained  in  all  patients  throughout  the 
study.  Plasma  was  analyzed  every  2k  hours  for  chloride,  bicarbonate, 
blood  urea  nitrogen,  creatinine,  glucose  Cby  the  glucose  oxidase 
method),  calcium  and  inorganic  phosphate  utilizing  the  Auto-analyzer 
(Technicon);  for  sodium  and  potassium  by  flame  photometry  (inter- 
national Laboratories  3^3);  and  for  osmolality  by  freezing  point  de- 
pression CAdvance  Osmometer).  Arterial  blood  was  analyzed  at  least 
once  a day  for  pH,  pC02,  p02  and  O2  saturation  (Corning  I65). 

Blood  samples  drav/n  at  the  midpoint  and  end  of  each  2k  hour  period 
were  immediately  separated  and  the  plasma  stored  at  -15  to  -20  degrees 
centigrade  until  assayed.  The  samples  were  analyzed  for  insulin  by  a 
modification  of  the  technique  of  Hales  and  Randle^  and  for  free  fatty 
acids  by  the. method  of  Trout,  Estes  and  Friedberg.^  Plasma  preserved 
with  Trasylol  and  sodium  EDTA  drawn  at  the  same  times  and  stored  in  the 
same  manner  was  analyzed  for  glucagon  by  the  immunoassay  method  of  Unger 
utilizing  the  30  K aitibody.^ 

Twenty-four  hour  urine  collections  were  obtained  throughout  the 
study  period  and  analyzed  for  sodium  and  potassium  by  flame  photometry 
(International  Laooratories  3^3),  for  chloride,  creatinine,  glucose 
(glucose  oxidase  method),  calcium,  inorganic  phosphate,  and  urea  nitro- 
gen with  the  Auto-analyzer  (Tcchnicon)  and  for  total  nitrogen  utilizing 
the  sulfuric  perchloric  acid  digested  method  of  Kjeldahl. 

Intake;  and  output  as  v/ell  as  body  weight  were  recorded  on  a daily 
basis.  Patients  who  were  hypotensive  or  required  a cardiotonic  drug  to 
support  blood  pressure,  had  a prior  history  of  diabetes,  or  had  signi- 
ficant renal  insufficiency  were  excluded  from  the  study. 

Calculations:  Nitrogen  balance  was  corrected  for  alterations  in  the 

blood  urea  nitrogen  for  each  2k  hour  period  and  expressed  per  square 


1.  Hales  CN  and  Randle  PJ ; Immunoassay  of  insulin  with  insulin- 
antibody  precipitate.  Biochem  J 88:137,  1963- 

2.  Trout  DL , Estes  EH,  Jr.,  Friedberg  5J : Tltrat'on  of  free  fatty 

acids  of  plasma:  a study  of  current  methods  and  a new  modification. 

J Lip  Res  1:199,  1 960. 

3.  Faioona  GR  and  Unger  RH;  Glucagon  in  "Methods  of  Hormone  Radio- 
immunoassay", ed . Juffee  BM  and  Behrman  HR.  Academic  Press,  New  York 
and  London,  197^,  PP  3I7“33Q- 
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meter  of  body  surface  area.  The  difference  between  the  BUN  at  the 
inception  and  the  termination  of  the  study  period  was  multiplied  by 
0.60  by  the  body  weight  in  kilograms.  This  provided  an  estimate  of 
nitrogen  retained  by  the  patient  not  reflecting  protein  synthesis  and 
assumes  that  urea  distributes  throughout  the  body  water  in  a concentra- 
tion equal  to  that  of  plasma.  The  quantity  was  either  added  or  subtracted 
according  to  whether  accumulation  or  loss  occurred  from  the  total  nitrogen 
excreted  in  the  urine.  This  quantity  was  subtracted  from  the  nitrogen 
intake  and  the  result  divided  by  the  body  surface  area  in  square  meters. 

The  non-urea  nitrogen  excreted  in  the  urine  is  composed  of  uric 
acid,  ammonia,  creatinine,  amino  acids  and  peptides.  If  urinary 
creatinine,  ammonia  and  uric  acid  are  relatively  constant  between  groups 
as  they  were  in  this  study,  an  estimate  of  the  amino  acids  lost  in  the 
urine  expressed  as  a function  of  those  infused  may  be  obtained  by  sub- 
tracting t.'ie  urine  urea  nitrogen  from  the  total  nitrogen  and  dividing 

the  quantity  by  the  amount  of  infused  nitrogen  (TUN-UUN) . An  expression 

N|N 

of  the  nitrogen  composition  of  the  urine  is  provided  by  dividing  the 
urine  urea  nitrogen  by  the  total  nitrogen  excreted  in  the  urine  CUUN/TUN) . 
Glomerular  filtration  rate,  fractional  sodium  and  fractional  potassium 
excretions,  sodium,  potassium  and  water  balance  calculated  in  the 

standard  manner.  Caloric  load  was  determined  by  multiplying  the  grams 
of  glucose  and/or  amino  acids  in  the  infusates  by  k Kcalories. 

Linear  regression  lines  expressing  nitrogen  balance  as  a function 
of  nitrogen  intake  were  determined  by  the  method  of  least  squares. 
Significant  differences  for  the  slopes  of  the  lines  as  well  as  the 
population  of  points  described  by  the  regressions  between  the  dif- 
ferent groups  was  determined  by  the  analysis  of  covariance.  The 
student  t~test  was  used  to  determine  significant  differences  between 
groups  of  data. 

Two  matrices  were  formed,  one  for  non-bacteremi c and  the  other  for 
bacteremic  patients.  Carbohydrate  (glucose)  doses  of  0,  60  and  120  grams 
per  m^  formed  one  side  of  the  matrix  while  amino-nitrogen  doses  of  0, 

10  and  15  grams  per  formed  the  other.  The  nitrogen  balance  as  a func- 
ti‘'n  of  a combination  of  these  doses  was  determined  by  calculation 
ut  izing  the  appropriate  regression  equation  which  had  been  obtained 
from  the  data  of  Groups  i and  II. 

RESULTS 

Ten  patients  with  an  average  total  body  surface  area  burn  of  kS.7  + 
19.7^  and  a mean  age  of  36. A + 19-5  years  were  infused  with  amino  acid 
or  electrolyte  solutions  devoid  of  glucose.  Daily  blood  cultures  were 
r_gative  during  each  of  the  2k  hour  b; lance  periods  depicted  by  the 
triangle's  in  Figure  1.  The  linear  regression  line  illustrated  in 
Figure  1 vias  fitted  to  the  values  by  the  method  of  least  squares  (r'^  = 
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• 7^07)  and  is  described  by  the  ecuation:  y = .723^x  - 17‘.6798. 

Ten  patients  with  a mean  injury  of  53.5  ± 19-1^  of  the  Tx>dy  surface 
area  and  an  average  age  of  33*6  + ?6.6  years  were  given  6Q  grams' glucose 
per  as  the  sole  caloric  load  per  2k  hours  or  60  grams  glucose  plus 
5.59  to  2Q.15  grams  ami  no ’■nitrogen  per  m^  per  2k  hour  period.  Blood 
cultures  were  negative  for  each  of  the  daily  balance  periods  depicted  by 
the  X's  in  Figure  1.  The  linear  regression  line  determined  by  the 
method  of  least  squares  illustrated  in  figure  I has  an  r2  = .8450  and 
is  described  by  the  equation:  y = .6l31x  -IQ. 7070. 

Six  patients  who  nad  sustained  a 61.7  ± 15.5^  total  body  surface 
area  burn  and  had  an  average  age  of  47^3  + 14.7  years  were  infused  with 
120  grams  glucose  per  m^  per  24  hours  or  120  grams  glucose  plus  7.02  to 
20.00  grams  amino-nitrogen  per  m^  per  24  hours.  All  blood  cultures 
during  each  24  hour  balance  period  depicted  by  the  circles  in  Figure  1 
were  negative.  The  linear  regression  line  illustrated  for  the  data  in 
Figure  1 (r^  = .8769)  has  the  form  of:  y = .5820x  -7.5343. 

The  slopes  of  the  linear  regression  lines  for  the  three  groups  are 
not  significantly  different;  however,  each  line  represents  a distinct 
population  and  is  significantly  different  from  each  of  the  other  two 
regressions  by  the  analysis  of  covariance.  C60  grams  glucose  + AA 
versus  120  grams  glucose  AA,  p < .001;  AA  versus  60  grams  glucose 
+ AA,  p < .001;  and  AA  versus  120  grams  glucose  + AA,  p < .001). 

Six  patients  with  an  average  total  body  surface  area  burn  of  59.6 
± 16.6^  and  a mean  age  of  24.7  + 9.0  years  were  infused  by  peripheral 
vein  with  60  grams  glucose  plus  11.32  t i .49  qrams  amino-nitrogen  per  m^ 
per  24  hours  continuously  for  three  to  ninedays.  All  blood  cultures  up 
to  and  including  the  study  period  were  negative.  Twenty  four  hour 
nitrogen  balances  calculated  on  the  final  day  of  the  study  revealed  an 
average  balance  of  -3.8O  ± 1.05  grams  per  m^.  The  value  calculated 
from  the  linear  regression  equation  of  the  60  gram  glucose  plus  amino- 
acid  group  for  a nitrogen  intake  of  11.32  grams  is  -3.77  grams  per  m^. 

The  similar  values  support  the  validity  of  24  hour  dose  schedules  in 
Groups  I and  1 1 . 

Four  patients  with  a mean  burn  size  of  43-5  ± 7.6^  and  an  average 
age  of  24.0  + 8.1  years  had  positive  blood  cultures  (one.  for  Serratia 
marcescens,  3 for  Klebsiella  pneumoniae)  at  the  beginning  and  termina- 
tion of  the  24  hour  infusion  period.  These  patients  received  glucose 
free  solutions,  containing  either  no  amino-nitrogen  or  5.69  to  18.99 
grams  amino-nitrogen  per  m^  per  24  hours.  Each  24  hour  ba’ance  period 
is  depicted  by  triangles  in  Figure  2.  The  linear  regression  line  for  the 
data  Cr^  = .6239  illustrated  in  Figure  2 is  described  Ly  y = .455QX 
-24.QQ1Q. 

Six  patients  who  had  sustained  an  average  total  body  surface  area 
burn  of  50.3  + 16.5^  and  had  a mean  age  of  300  + 16.3  years  developed 
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Figure  1.  Nitrogen  baiance  per  square  meter  body  surface  corrected  for 
alterations  in  biood  urea  nitrogen  as  a function  of  nitrogen  intake  in 
nonbacteremic  patients  infused  with  either  amino  acids,  60  grams  glucose 
per  m^  pius  amino  acids  or  120  grams  glucose  per  m^  plus  amino  acids. 


NITROGEN  BALANCE  g/m^/Doy 


Figure  2.  Nitrogen  balance  per  square  meter  body  surface  corrected  for 
alterations  in  blood  urea  nitrogen  as  a function  of  nitrogen  intake  in 
bacteremic  patients  infused  with  either  amind  acids,  60  grams  glucose/ 
m^  plus  amino  acids  or  120  grams  glucose/m^^  plus  amino  acids. 


“3  T 


NITROGEN  INTAKE  g/m^/Day 
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positive  blood  cultures  for  Klebsiella  pneumoniae  at  the  inception  and 
termination  of  a 2k  hour  study  period  in  which  they  had  received  60 
grams  glucose  plus  6.03  to  20.15  grams  amino-nitrogen  per  m^  per  Ik 
hours.  The  individual  balance  data  for  each  Ik  hour  period  is  depicted 
by  the  X‘s  in  Figure  1.  The  linear  regression  line  - .ISlk)  for 
the  data  Is  described  by  y « .281 7X  - 13.3368. 


Five  patients  with  an  average  burn  of  66.6  + ]S.k%  and  an  average 
age  of  kd.k  + 16.8  y®ars  had  positive  blood  cultures  Cone  for  Staphylo- 
coccus aureus,  k for  Klebsiella  pneumoniae)  at  the  beginning  and  termina- 
tion of  a 24  hour  period  in  which  they  had  received  120  grams  glucose 
per  m^  per  24  hours  as  the  sole  caloric  source  or  120  grams  glucose 
plus  1.17  to  14.82  grams  amino-nitrogen  per  m?  per  24  hours.  Each  24 
hour  balance  period  is  demonstrated  in  Figure  2 by  the  circles.  The 
linear  regression  line  for  these  data  has  an  r^  of  .6384  and  may  be 
described  by  y * .kOkJX  - 15.4545.  There  was  no  significant  difference 
in  age  or  burn  size  among' any  of  the  groups. 


The  slopes  of  the  three  regression  lines  in  Figure  2 are  not 
significantly  different  nor  is  there  any  significant  difference  between 
the  nitrogen  balance  data  for  60  gram  glucose  plus  amino  acids  and  120 
gram  glucose  plus  amino  acids.  An  analysis  of  covariance  reveals  that 
the  regression  line  of  the  population  receiving  amino-acids  is  signifi- 
cantly different  from  both  the  regression  line  of  the  60  gram  glucose 
plus  amino  acid  (p  < .001)  or  120  gram  glucose  plus  amino  acid  (p  <: 
.001)  groups. 

The  slopes  of  the  regression  lines  for  non-bacteremic  and  bacteremic 
patients  receiving  the  same  infusate  are  not  significantly  different. 

The  populations  represented  by  the  regression  lines  which  received  the 
same  infusates  for  bacteremic  and  non-bacteremic  patients  were  signifi- 
cantly different:  amino  acid  group,  p .001;  60  gram  glucose  plus 

amino  acid  group,  p "=  .001  and  120  gram  glucose  plus  amino  acids,  p < 

.001. 


Figure  3 illustrates  nitrogen  balance  as  a function  of  caloric  load 
irrespective  of  source  for  both  non-bacteremic  and  bacteremic  patients. 
The  linear  regression  line  for  the  non-bacteremic  group  has  an  r^  of 
.7808  and  may  be  defined  by  y “ .0221X  - 16.0954.  The  linear  regression 
line  for  the  bacteremic  group  (r^  = .6405)  is  represented  by  y = .QI96X 
- 23.4426.  The  slopes  between  the  two  lines  are  not  significantly 
different  but  each  line  differs  significantly  from  the  other  and  re- 
presents a distinct  population  as  determined  by  the  analysis  of  co- 
variance  (p  < .001 ) . 


Table  l Is  a comparison  of  the  24  hour  urinary  data  for  60  or  120 
gram  glucose  plus  amino  acids  versus  glucose  free  amino  acid  infusates 
in  bacteremic  and  non-bacteremic  patients.  Significant  differences  are 
seen  in  the  non-bacteremic  patients  for  the  ratio  of  urine  urea  nitro- 
gen to  total  urinary  nitrogen,  p < .005,  the  ratio  of  the  quantity  total 
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NITROGEN  BALANCE  g/m^/Doy 


Figure  3*  Nitrogen  balance  per  square  meter  body  surface  corrected  for 
alterations  in  blood  urea  nitrogen  as  a function  of  caloric  intake 
irrespective  of  source  for  nonbacteremic  and  bacteremic  patients. 


CALORIC  INTAKE  Kcol/Oay 
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urinary  nitrogen  minus  urine  urea  nitrogen  to  nitrogen  intake,  p <.Q01, 
for  per  cent  fractional  sodium  excretion,  p < .001,  and  for  elevation 
in  blood  urea  nitrogen,  p <.01.  in  the  bacteremic  patients,  only  the 
more  pronounced  elevation  in  blood  urea  nitrogen  in  the  amino  acid  group 
differed  significantly  from  the  glucose  plus  amino  acid  patients  (p  < 
.01). 


There  were  no  significant  differences  In  the  Ih  hour  urinary  data 
illustrated  in  Table  I for  the  amino  acid  infusates  between  bacteremic 
and  nonhacteremic^ patients.  A comparison  in  the  glucose  plus  amino  acid 
groups  between  bacteremic  and  non-bacteremic  patients  demonstrates  a 
significant  difference  for  the  fraction  of  excreted  amino  acids  as  a 
function  of  those  infused,  p < .005,  UUN:TUN,  p < .05,  GFR,  p < .05, 
percent  fractional  sodium  excretion,  p < .05  and  change  in  plasma 
blood  urea  nitrogen,  p < .01.  Water  balance  and  sodium  and  potassium 
loads  were  similar  for  the  various  Infusates  in  both  non-bacteremic  as 
well  as  bacteremic  patients. 

Table  II  depicts  the  plasma  values  obtained  for  the  various 
infusates  for  insulin,  free  fatty  acids  and  glucagon  in  bacteremic  and 
non-bacteremic  patients.  Significant  differences  are  observed  in  non- 
bacteremic  patients  between  those  receiving  amino  acid  infusates  alone 
and  those  administered  glucose  plus  amino  acids  for  insulin,  p < .001, 
free  fatty  acids,  p <.001,  glucagon,  p < .001  and  insulin  to  glucagon 
molar  ratio,  p <.001.  Racter'emic  patients  demonstrated  significant 
differences  between  the  two  types  of  infusions  for  in'^ulin,  p < .001, 

and  free  fatty  acids,  p <.001.  A comparison  between  bactermic  and 
non-bacteremic  patients  receiving  the  same  infusion  reveals  a significant 
difference  for  glucagon  in  patients  receiving  amino  acid  infusates  free 
of  glucose  Cp  <.001)  and  insulin  in  patients  receiving  glucose  plus 
amino  acids , (p  < .05) • 

The  nitrogen  balance  may  be  expressed  as  a function  of  both  the 
carbohydrate  and  amino-nitrogen  input  by  forming  a matrix.  The  nitrogen 
balance  for  a particular  dose  or  combination  of  doses  is  calculated  from 
the  linear  regression  equations  describing  the  data  in  Figures  1 and  2. 
Matrices  for  non-bacteremic  and  bacteremic  patients  are  illustrated  in 
Figures  ^ and  5,  respectively. 

DISCUSSION 

A hypermetabol ic  response  occurs  in  both  the  uninfected  and 
infected  traumatized  patient.  Negative  nitrogen  balance,  energy  ex- 
penditure and  weight  loss  are  of  far  greater  magnitude  in  the  critical- 
ly ill  than  in  the  uninjured  chronically  starved  individual.  Indeed, 
more  than  200  grams  protein  may  be  catabolyzed  per  day  to  satisfy  energy 
demands  in  the  traumatized  patient.  Left  unabated,  the  catabolic  re- 
sponse results  in  excessive  erosion  of  body  mass,  impaired  organ  func- 
tion, an  irreversible  disruption  of  homeostasis  and  death.  The  provision 
of  sufficient  nitrogen  and  calories  can  reverse  the  process  and  thereby 
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TMLE  I.  RENAL  AND  PLASMA  MTA  FOR  NON-BACTERENIC  AND  RACTERENtC 
PATIENTS  INFUSED  WITH  EITHER  AMINO  ACIDS  OR  CLUCOSE  PLUS  AMINO  ACIDS 


AMINO  ACIDS 

CLUCOSE  » AMINO  ACIDS 

P 

TUN-UUN 

Non-bact«r«i(c 

0.AI9  ± .181 

0.125  a .099 

< .001 

lactcrMlc 

0.777  + .268 

0.862  a .357 

N.S. 

UUN 

TDIT 

Non«lMct«rMlc 

0.70S  > .060 

0.811  a .090 

< .005 

D«ct«rmlc 

0.667  i .132 

0 0.706  a .125 

N.S. 

6FR  , 
m\/mln/ir 

Non*b«ct«rMic 

66.7  t 26.0 

76.6  a 31.5 

N.S. 

••cUrMic 

56.2  t 28.6 

53.9  1 21.2 

N.S. 

NaFxEx 

X 

Non-bactarmlc 

0.670  ± .196 

0.162  a .012 

< .001 

Dacca  rwiilc 

0.383  ♦ .211 

0.299  a .182 

H.S. 

XFxEx 

X 

Non«t>actaraMlc 

22.01  ^8.62 

19.36  a 7.07 

N.S. 

Dactaraailc 

29.37  t O-50 

25.11  a 8.81 

N.S.. 

ilUN 

lagt/w* 

Non'bactaraaiic 

6.81  a 

0.29  a 

Dactaraailc 

9.16  a 

1.62  a 

< .01 
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TABLE  II. 
BACTEREHIC 


PLASMA  FREE  FATTY  ACIDS,  INSULIN,  GLUCAGON  AND  INSULIN  TO  GLUCAGON  RATIO  FOR  NON- 
ANO  BACTEREHIC  PATIENTS  INFUSED  WITH  EITHER  AMINO  ACIDS  OR  GLUCOSE  PLUS  AMINO  ACIDS. 


AMINO  ACIDS 

GLUCOSE  & AMINO  ACIDS 

P 

FREE  FATTY  ACIDS  (mEq/I) 

Non-bacteremlc 

O.W3  + O.l'tS 

0.165  + 0.058 

.001 

Bacteremtc 

0.G02  +0.115 

0.175  + 0.051 

.001 

INSULIN  CuU/ml) 

Non-bacteremic 

5.2k  + 0.98 

68.00  + 10.53 

.001 

Bactaremic  ' 

2.97  + 0.90 

li.Qk  + A. 77 

.001 

GLUCAGON  (pg/ml) 

Non'4>acteremlc 

125. '♦9  + 33.08 

63A.55  + IIA.83 

.001 

Bacteremlc 

A76.65  + 80.21 

539. A3  + 217. 8A 

N.S. 

INSULIN:  GLUCAGON 

Non-bacteremlc 

.0267  + .0275 

.2303  + .1925 

.001 

Bactaremic 

.0087  + .0056 

.0759  + .0815 

N.S. 
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FIGURE  I).  NITROGEN  BALANCE  AS  A FUNCTION  OF  DOSE  OF  INTRAVENOUS 
INFUSION  OF  CARBOHYDRATE  AND  PROTEIN  ADMINISTERED  ISOSHOTICALLY 
IN  NON-BACTEREMIC  PATIENTS. 
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FIGURE  5.  NITROGEN  BALANCE  AS  A FUNCTION  OF  DOSE  OF  INTRAVENOUS 
INFUSION  OF  CARBOHYDRATE  AND  PROTEIN  ADMINISTERED  ISOSHOTICALLY 
IN  BACTEREMIC  PATIENTS. 
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achieve  an  anabolic  state  which  is  necessary  for  full  functional  re- 
covery. Critically  ill  patients  are  often  incapable  of  eating;  however, 
positive  nitrogen  balance  and  satisfaction  of  energy  demands  have  been 
achieved  by  intravenous  administration  of  hyperoncotic  glucose  and 
protein  infusates.^  These  solutions  which  require  administration  567 
through  a central  line,  can  serve  as  a source  of  systemic  infection,  * ’ 
can  result  in  life  threatening  metabolic  derangements^  and  are  impracti- 
cal i.n  the  immediate  post  injury  period  when  fluid  balance,  electrolyte 
composition  and  blood  volume  are  being  restored.  Near  isosmotic  solu- 
tions which  can  he  administered  by  peripheral  vein  obviate  many  of  the 
hazards  of  the  hyperoncotic  infusates  and  are  more  practical  when  acute 
fluid,  electrolyte  and  volume  abnormalities  require  correction.  With 
their  use,  the  severe  catabolic  response  is  limited  but  often  not 
corrected  since  satisfaction  of  energy  requirements  which  may  exceed 
3000  calories  per  day,  require  unacceptably  large  quantities  of  fluid 
when  nutrients  are  given  in  near  isosmotic  concentrations. 

Glucose  infusions  in  doses  up  to  100  grams  per  day  provide  a 
protein  sparing  effect  which  is  proportional  to  the  amount  administered. 
Greater  quantities  result  in  very  little  additional  reduction  in  nitrogen 
losses. 3 Amino  acid  infusions  free  of  glucose  have  also  been  shown  to 
reduce  proteolysis.  Indeed,  several  reports  indicate  that  a more  sub- 
stantial nitrogen  sparing  effect  is  achieved  when  amino  acids  are  admin- 
istered alone  as  compared  to  infusions  of  dextrose  or  dextrose  in  com- 
bination with  amino  acids. The  proposed  mechanism  for  this  effect 
involves  mobilization  of  endogenous  fat  stores  as  an  alternative  energy 
source.  Infused  dextrose  causes  an  increase  in  circulating  insulin 
which  inhibits  the  release  of  free  fatty  acids  from  fat  stores.  The 
reasoning  is  that  since  sufficient  quantities  of  free  fatty  acids  are 
unavailable,  energy  demands  are  met  by  increased  proteolysis.  If  dex- 
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parenteral  hyperalimentation.  NEJM  285:1221,  1971- 

8.  Dudrick  SJ ,’  MacFayden  BV,  VanBuren,  CT,  Ruberg  RL  and  Maynard  AT; 
Parenteral  hyperalimentation:  metabolic  problems  and  solutions.  Am  Surg 
176:259,  1972. 

9.  Gamble  JL:  Physiological  information  gained  from  studies  on  the 

life  raft  ration.  Harvey  Lect  42:2^7,  19^7. 

10.  Hoover  HC  Jr.,  Grant  JP,  Gorschboth  C,  and  Ketcham  AS:  Nitrogen- 

sparing intravenous  fluids  in  postoperative  patients.  NEJM  293:172,  1975. 

11.  Blackburn  GL , Flatt  JP , Clowes,  GhLA,  and  O'Donnell  TE:  Peri- 

pheral intravenous  feeding  with  isotonic  amino  acia  solutions.  AM  J Surg 

125:4^7,  1972. 


233 


trose  is  omitted  from  the  infusate  and  only  amino  acids  are  given,  in** 
sulin  levels  remain  low  and  large  quantities  of  free  fatty  aci.ds  are 
then  released  which  provide  the  necessary  energy  substrate.  Therefore, 
lesser  amounts  of  endogenous  protein  need  be  catabolyzed  to  supply 
necessary  energy  demands. Confirmation  of  these  observations  requires 
dose  response  date  in  a single  population  for  both  glucose  and  amino 
acid  infusates.  Unfortunately,.,  these  data  have  heretofore  been  un- 
available. it  should  also  be  apparent  that  the  most  appropriate  near 
isosniotic  infusate  must  not  only  provide  superior  nitrogen  sparing  when 
compared  to  other  solutions  hut  must  also  provide  the  necessary  form  of 
substrate  for  optimal  metabolic  activity  and  organ  function. 

Figure  I illustrates  dose  response  date  for  amino  acid  and  amino 
acid  plus  glucose  infusates.  The  validity  of  2^  hour  dose  schedules 
demonstrated  in  this  figure  was  confirmed  by  obtaining  almost  identical 
values  from  patients  who  had  received  constant  dose  infusions  spanning 
3 to  9 days  (Group  111).  These  data  indicate  that  calorie  for  calorie 
in  a dose  range  appropriate  for  peripheral  vein  administration  with 
acceptable  fluid  loads  amino  acids  are  no  more  effective  than  60  grams 
glucose  per  m^  plus  amino  acids  in  achieving  nitrogen  balance.  Indeed, 
60  grams  protein  per  m^  (9.6  grams  nitrogen)  gives  the  same  nitrogen 
balance  as  60  grams  glucose  per  m^  free  of  amino  acids.  Although  120 
grams  glucose  per  m2  plus  amino  acids  improves  nitrogen  balance  over 
that  achieved  with  60  grams  glucose  per  m2  plus  a comparable  amino  acid 
dose,  it  does  so  disproportionately  less.  Therefore,  60  grams  glucose 
per  m2  plus  amino  acids  achieves  the  greatest  effect  per  gram. 

Free  fatty  acid  levels  were  significantly  elevated  and  Insulin 
concentrations  significantly  reduced  in  the  amino  acid  infused  patients 
when  compared  to  those  receiving  amino  acids  plus  glucose  (Table  It). 

The  insulin  and  free  fatty  acid  levels  in  the  amino  acid  infused  are 
comparable  to  those  reported  for  patients  who  had  received  protein 
alone  and  were  reported  to  demonstrate  a superior  nitrogen  sparing 
effect . 

In  the  face  of  elevated  free  fatty  acids  and  decreased  insulin 
levels  in  the  amino  acid  group,  we  were  unable  to  demonstrate  any 
superiority  in  terms  of  nitrogen  balance  of  amino  aied  infusates  over 
glucose  + amino  acids.  The  exclusion  of  glucose  from  2 dietary  regimen 
on  grounds  of  nitrogen  sparing,  therefore  seems  unwarranted. 

The  observation  that  there  was  no  sjperiority  of  amino  acid  over 
glucose  plus  amino  acid  infusions  may  be.  explained  by  the  fact  that  our 
nitrogen  balances  were  corrected  for  alterations  in  the  blood  urea  nitro' 
gen.  Indeed,  the  BUN  rose  6 to  9 mg  I per  m2  In  the  amino  acid  group 
compared  to  approximately  1 mg^  in  the  gl  icose  plus  amino  acid  patients  ^ 


12.  Blackburn  GL,  Flatt  JP,  Clowes  GHA,  0‘Donnell  TF  and  Hensle  TF.: 
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(p  c.Ol).  If  not  taken  Into  account,  what  appears  as  improved  nitrogen 
balance,  may  in  actuality  be  retained  urea.  It  may  be  most  significant 
in  patients  who  are  administered  glucose  after  having  been  maintained 
on  protein.  Under  these  circumstances,  large  amounts  of  urea  will  be 
excreted  in  the  urine  merely  a reflection  of  more  effective  clearing  of 
retained  urea. 

The  balance  studies  were  not  corrected  for  thf,  increased  nitrogen 
loss  which  occurs  from  the  burn  wound.  Wound  nitrogen  losses  have  been 
measured  during  the  period  of  eschar  separation  and  exposure  of  granula- 
tion tissue;*^  however,  as  long  as  the  eschar  remains  intact,  as  it  did 
in  all  study  periods,  losses  are  minimal.  Since  patients  from  each  of 
the  study  groups  had  comparable  burn  sizes  and  ages,  the  losses  cancel 
themselves  when  the  three  groups  are  compared;  i.e.,  there  is  no  quanti- 
tative difference  between  the  groups;  however,  all  regression  lines  must 
be  shifted  the  same  distance  in  a nejative  direction  if  actual  nitrogen 
balance  for  an  individual  patient  is  to  be  determined  from  the  graphs. 

Catabolism  is  more  pronounced  in  bacteremic  patients  as  illustrated 
in  Figure  2.  The  regression  line  for  the  same  infusate  in  bacteremic 
patients  is  significantly  lower  (p  < .001)  than  in  non-bacteremics . 

The  response  to  amino  acids  alone  is  much  poorer  than  when  glucose  plus 
amino-acids  are  given.  Indeed,  60  grams  glucose  per  m2  alone  is  com- 
parable to  125  grams  protein  (20  gm  N)  in  terms  of  affecting  similar 
nitrogen  balances.  Sixty  grams  glucose  per  m^  plus  amino  acids  pro- 
vided the  maximal  nitrogen  sparing  effect  since  no  significant 
difference  was  noted  between  60  or  120  grams  glucose/m2  plus  amino 
acids.  The  matrixes  provide  a measure  whereby  the  optimal  utilization 
with  the  lowest  doss  of  carbohydrate  and  amino  acids  may  be  determined. 
Both  non-bacteremics  and  bacteremics  achieve  optimal  effect  per  gram 
nutrient  at  a level  of  60  grams  glucose  + 10  grams  amino  nitrogen/m^/ 

2k  hours. 

Although  nitrogen  balance  is  an  important  indicator  of  which  type 
of  infusate  is  more  desirable,  crucial  to  the  success  of  any  nutrient 
program  is  adequate  provision  of  proper  substrate  for  support  o^  the 
metabolic  demands  of  the  organism.  Chronically  starved  patients  who 
derive  their  energy  needs  from  free  fatty  acids  improve  their  hepatic 
function  significantly  when  dextrose  is  administered.'^  Liver  function 
as  determined  by  indocyanine  green  clearance  is  impaired  during  infusion 
of  amino  acid  solutions  alone  and  may  be  restored  to  normal  by  adding 
glucose  to  the  regimen.  The  effects  ore  similar  to  those  observed  in 
patients  who  have  gram  negative  septicemia;  however,  unlike  the  ab- 
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normalities  observ&d  when  amino  acids  are  administered  alone,  hepatocyte 
function^ in  septic  patients  cannot  be  corrected  simply  by  administering 
glucose. 

Renal  active  transport  processes  for  sodium  and  amino  acid  re~ 
sorption  are  also  impaired  when  amino  acids  serve  as  the  sole  exogenous 
energy  source.  In  the  face  of  similar  sodium  loads  and  sodium  balances, 
fractional  sodium  excretion  is  diminished  when  glucose  is  added  to  the 
regimen.  Thus  addition  of  glucose  results  in  more  effective  transport 
of  sodium  out  of  the  filtrate.  The  kidney  is  better  able  to  retain 
filtered  amino  acids  as  illustrated  by  the  reduced  fraction  of  infused 
amino  acids  excreted  in  the  urine  and  the  improved  fraction  of  urea 
excreted  to  total  nitrogen  upon  the  addition  of  glucose  to  the  infusate. 

Total  urinary  nitrogen  is  comprised  af  ammonia,  uric  acid, 
creatinine,  amino  acids,  peptides  and  urea  nitrogen.  Creatinine  ex- 
cretion, urinary  pH  and  serum  uric  acic  'evels  were  similar  in  both  the 
amino  acid  infused  patients  and  those  given  amino  acids  plus  glucose. 
Therefore,  changes  in  TUN  minus  urea  most  likely  reflect  changes  in 
the  excretion  of  amino  acids  and  peptides.  Thus,  TUN  minus  UUN  divided 
by  infused  amino  acids  provides  an  estimate  of  the  amount  of  amino 
acids  lost  expressed  as  a function  of  the  amount  infused.  Also  the 
ratio  of  UUN  to  TUN  is  a relative  approximation  of  amino  acids  meta- 
bolized (Table  l).  Both  ratios  indicate  more  effective  retention  of 
amino  acids  and  suggest  greater  incorporation  into  protein  with  lesser 
amounts  degraded  for  gluconeogene' !s  when  glucose  is  infused  with  the 
amino  acids.  Glucagon  was  elevated  when  compared  to  normal  levels 
(75pg/ml)  in  the  amino  acid  group  in  nonbacteremics  but  in  bacteremics 
was  markedly  elevated  and  did  not  differ  from  values  observed  for 
patients  infused  with  glucose  plus  amino  acUs.  Glucagon  stimulates 
hepatic  glycognnolys is  and  gluconeogenesis , and  therefore  has  been 
viewed  as  --  '’hormone  of  energy  release."*^ 

Insulin  facilitates  transport  of  amino  acids  into  cells  and 
hence  tneir  incorporation  into  protein.  Glucose  which  accompanies  the 
amino  acids  into  the  cells  may  well  be  necessary  if  the  process  of 
protein  synthesis  is  to  occur. '7 

In  expe.' imental  animals  glucagon  is  elevated  after  amino  acid 
infusions  and  in  normal  subjects  diminished  following  glucose 


15.  McDougal  WS , Wilmore  DW,  Pruitt  BA  Jr.:  Glucose  dependent 

hepatic  membrane  transport  in  non-sept ic  and  septic  thermally  injured 
patients.  Abstracts  Society  for  Academic  Surgery,  1976- 

16.  Unger  RH:  Glucagon  physiology  ar>^  pathophysiology.  NEJM  285: 

4^43,  1971.  ' 

17..  Wool  LG  and  Krahl  ME;  Incorporation  of  C]li  - histidine  into 
protein  of  isolated  diaphragms:  interaction  of  fasting,  glucose  and 
insulin.  Am  J Physiol  197:367,  1959. 
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administration Thus,  glucagon  modulates  the  amount  of  energy 
available  according  to  the  specific  needs  of  the  organism.  The  elevated 
levels  observed  in  the  hacteremic  and  nonhacteremic  glucose  plus  amino 
acid  groups  suggest  that  the  stimulatory  effect  of  amino  acids  in  a 
catabolic  patient  overrides  the  suppressive  effect  of  glucose  and  that 
glucagon  may  well  be  required  for  optimal  amino  acid  utilization. 

The  molar  ratios  of  insulin  to  glucagon  in  all  groups  is  less 
than  1 and  indipates  that  the  glucose  flow  across  the  liver  involves 
gluconeogenesis  primarily  from  amino  acid  precursors.  The  larger  ratios 
observed  in  the  glucose  plus  amino  acid  groups  is  supportive  of  quanti- 
tatively lesser  amino  acid  breakdown  in  this  group  when  compared  to 
patients  receiving  glucose  free  amino  acid  infusates. 

The  stress  oT  bacteremia  In  the  severely  traumatized  patient  appears 
to  be  a powerful  stimulus  for  glucagon  production,  since  bacteremic 
patients  receiving  amino  acids  demonstrated  exceedingly  high  levels. 

Since  this  is  obviously  an  extreme  energy  demanding  situation,  the 
glucagon  response  is  to  be  expected.  The  relatively  low  level,  although 
elevated  above  normal,  observed  In  non  bacteremic  patients  receiving 
only  amino  acids  would  therefore  appear  to  be  less  than  that  needed  for 
optimum  surgery  utilization. 

The  efficacy  of  amino  acid  solutions  administered  alone  is 
unsubstantiated  in  these  studies  since  their  infusion  when  compared 
to  6Q  grams  glucose/m^  plus  amino  acids  given  in  equal  caloric  loads 
provides  similar  nitrogen  balances  in  nonbacteremic  patients  and 
markedly  inferior  balances  in  the  critically  ill  bacteremic  patient. 

These  observations  were  made  in  the  face  of  exceedingly  low  insulin 
levels  and  markedly  elevated  free  fatty  acid  concentration  in  the 
amino  acid  group.  The  administered  amino  acids  are  not  utilized  as 
well  'as  an  energy  source  when  glucose  is  absent  from  the  infusate  as 
demonstrated  by  the  reduced  UUN:TUN  ratio  and  the  increased  fraction 
of  Infused  amino  acids  excreted  in  the  urine.  Indeed,  the  efficacy 
of  low  insulin  levels  Is  questionable  since  it  is  known  that  this 
hormone  enhances  transport  of  amino  acids  into  cells  and  hence  their 
incorporation  into  protein. The  absence  of  glucose  also  impairs 
hepatic  and  renal  transport  processes. 
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ABSTRACT 


PROJECT  NO.  3AT61102B71R-01,  RESEARCH  IN  BIOMEDICAL  SCIENCE-SURGERY 

REPORT  TtTLE;  EXCtStON  OF  ESCHAR  IN  BURNED  SOLDIERS 

US  Army'  Institute  of  Surgical  Research,  Brooke  Army-  Medical  Center, 
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Report  Control  Symbol  MEDDH-288  (Rl) 

Studies  pricr  to  this  reporting  period  demonstrated  that  the  100 
tatt  carbon  dioxide  laser  was  not  a practical  instrument  for  excision 
to  the  Investing  fascia.  The  main  disadvantages  being  its  bulk  and 
unwieldiness,  plus  cost.-  It  was  In  no  way  equivalent  to  the  Bovie 
cautery  except  In  excising  large  planar  surfaces.  With  abandonment 
of  the  laser  our  attention  has  been  focused  more  on  the  various  moda~ 
Ittles  of  excision  and  the  refinement  of  patient  selection  criteria. 

During  this  reporting  period,  78  of  254  patients  or  30^  underwent 
excision  procedure.  These  Included  excision  to  the  Investing  fascia 
with  Immediate  grafting,  early  sequential  excision  to  viable  tissue 
with  delay  In  grafting,  tangential  excision  with  immediate  grafting 
and  delayed  escharectomy. 


Later 

Bovie  cautery 
Investing  fascia 
Sequential  excision 
Tangential  excision 
Eschar 
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EXCISION  OF  ESCHAR  tN  BURNED  SOLDIERS 


VttK  abandonment  of  evaluatton  of  the  CQ2  laser*  attention  has  been 
focused  upon  patient  selection  for  excision  and  evaluation  of  the  various 
technl(|ues  of  excision.  A total  of  78  patients  have  undergone  some  form 
of  excision  during  this  reporting  period. 

The  criteria  for  excision  at  the  US  Army  Institute  of  Surgical 
Research  are  fairly  well  established.  There  are  three  categories  of 
patients*  the  first  category  Is  small  burns  either  full  thickness  or 

second  degree  Injuries  that  can  be  excised 'In  their  entirety  and 
grafted  Immediately.  This  results  In  a closed -wound  that  heals  within 
two  weeks,  and  greatly  decreased  morbidity  of  small  nonllfe  threatening 
bums.  The  second  category  Is  burns  In  the  30  to  70 1 size  that  have  a 
significant  area  or  areas  of  full  thickness  or  very  deep  partial  thick- 
ness thtit  lend  themselves  to  excision.  This  does  not  decrease  hospital 
time  l-'.it  removes  areas  prone  to  burn  wound  problems.  This  Is  especially 
true  If  the  legs  or  perineum  are  Involved.  A subcategory  Is  burns  of 
this  size  that  have  special  areas  that  will  benefit  from  excision  by 
way  of  earlier  return  to  function  and  a better  final  skin  coverage.  At 
our  unit  this  Is  largely  limited  to  the  hands.  The  final  category  Is 
bums  greater  than  70%  with  a large  portion  of  full  thickness  Injury. 
Historically  these  have  done  very  poorly  and  conservative  management 
with. a topical  agent  offers  no  lmprr>vement  In  mortality,  no  matter  vdtat 
agent  Is  used.  In  this  final  category  some  form  of  excision  procedure 
seems  at  this  time  to  be  the  only  rational  approach  to  attempting  to 
Increase  survival . 

The  various  types  of  excision  being  evaluated  are,  excision  to  the 
Investing  fascia  with  either  immediate  Isograftlng  or  coverage  with  a 
biologic  dressing,  tangential  excision  and  grafting,  sequential  excision 
to  viable  tissue  and  grafting,  and  lastly  escharectomy  either  early  or 
late. 


Twenty-five  patients  were  treated  with  excision  to  the  Investing 
fascia.  There  was  a total  of  35  procedures  accomplished  in  these  25 
patients.  Seventeen  patients  were  In  the  I|0  to  70%  burn  size  and  there 
were  six  deaths  In  this  group.  This  single  figure  means  very  little 
since  It  must  be  borne  In  mind  that  the  patients  subjected  to  an  ex- 
cision are  those  that  have  the  largest  areas  of  full  thickness  Injury, 
There  were  a total  of  eight  patients  with  burns  greater  than  70%  that 
underwent  formal  excision  with  no  survlvers.  In  general  the  plan  Is  to 
excise  the  patient  as  soon  as  they  are  hemodynamlcally  stable  from  their 
resuscitation  and  when  necessary  to  stage  the  excision  so  that  never  more 
than  two  extremities  arc  done  at  one  time.  The  excisions  that  do  the 
best  are  those  that  can  be  Isografted  on  fascia  at  the  time  of  excision. 
It  is  of  Interest  to  note  that  all  of  the  deaths  In  kO  to  70%  burn  size 
were  at  the  upper  end  of  that  category  and  did  not  have  sufficient  donor 
sites  to  allow  initial  Isograftlng.  All  the  nonsurvlvers  in  that  group 
were  subjected  to  the  problems  of  repeated  homograft  changes.  In  the 
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burns  greater  than  70i  none  of  them  had  available  donor  areas  so  that 
more  than  a small  portion  of  the  initial  excision  could  be  isografted. 

Both  of  these  demonstrate  the  great  difficulty  of  wound  coverage  in 
large  excisions. 

Tangential  hand*  excisions  have  been  carried  out  at  the  US  Army 
institute  of  Surgical  Research  for  the  past  two  and  a half  years.  They 
follow  the  classic  principles  of  tangential  excision  and  Immediate  graft- 
ing, and  are  limited  to  deep  partial  thickness  injuries  and  full  thickness 
injuries  where  there  are  no  obvious  deep  structures  involved.  The  hands 
are  isografted  immediately  in  all  instances  and  when  the  criteria  for 
patient  selection  are  rigidly  adhered  to  functional  return  is  complete. 

The  hands  are  excised  as  soon  as  the  patient  is  hemodynamtcal ly  stable 
post  resuscitation  and  the  procedure  is  not  done  in  patients  with  burns 
in  excess  of  60^  unless  It  is  done  In  concurrence  with  some  other  form 
of  excision  requiring  a general  anesthetic.  During  this  reporting  period 
twenty  three  patients  underwent  tangential  excision  of  the  hands  with  a 
total  of  3^  hands  being  excised.  Thero  were  five  deaths  in  that  age 
group,  all  in  large  burns  that  underwent  hand  excision  concomitantly  with 
other  excision  procedures.  In  the  surviving  patients  those  that  had 
strict  adherence  to  selection  criteria  demonstrated  a complete  return  of 
function  while  those  where  the  criteria  were  extended  had  various  extensor 
defects. 

Sequential  excision  to  viable  tissue  with  delayed  grafting,  more* 
properly  termed  escharectomies,  were  carried  out  in  27  patients  with  a 
total  of  31  procedures.  The  escharectomies  applied  in  two  Instances. 

Early  in  the  postburn  course  to  rid  the  patient  of  eschar  and  start  an 
earlier  preparation  of  the  wound  for  defl.iltive  grafting.  Eleven 
patients  were  treated  in  this  fashion  early  In  the  postburn  course 
and  there  were  seven  deaths.  These  were  all  In  burns  greater  than  60^. 

The  early  escharectomy  was  employed  either  because  the  burn  wound  did 
not  lend  Itself  to  formal  excision  to  the  Investing  fascia,  l.e.  perl- 
neums,  buttocks  or  other  difficult  areas  to  excise  to  the  fascia.  The 
higher  Incidence  of  mortality  In  like  size  burns  would  suggest  that 
early  escharectomy  Is  not  tolerated  as  well  as  excision  to  the  Invest- 
ing fascia  with  coverage  with  a biologic  dressing.  The  second  Instance 
In  which  escharectomy  Is  performed  Is  later  In  the  postburn  course  to 
remove  tenacious  eschar.  This  Is  done  In  the  third  to  fourth  week  post- 
burn, 16  patients  were  subjected  to  this  treatment  during  the  last  re-  » 
porting  period  with  no  mortality.  This  Is  an  excellent  technique  to 
remove  tenacTous  eschar  and  hasten  the  time  to  grafting.  We  have  been 
successful  with  the  delayed  escharectomy  using  either  biologic  dressings 
in  the  form  of  allograft  or  xenograft  or  simply  coarse  mesh  gauze  as 
sulfa  soaks. 

Excision  in  the  truly  large  burns,  those  exceeding  65  to  7Q^  is 
certainly  a time  consuming  and  difficult  procedure,  but  wltfv-the 
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cosaplete  fatlure  of  toptcat  , agents  or  conservattve  Measures  to  taprove 
MortaUty  tn  bums  that  stse  or  larger  tt  appears  evident  tbat  seme 
exetstoti  Modaltty  ts  at  this  ttMe  this  only  rational  approach  to  Itsprov* 
Ing  sur^^tval. 
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"tighter"  weave  of  material  appear  necessary  to  prevent  passage  of  bacteria. 
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The  bacterial  barrier  properties  of  six  coded  samples  of  synthetic  surgical 
drape  material  have  been  assessed.  The  penetration  at  42  sites  of  each  drape 
material  by  inocula  of  five  organisms.  Pseudomonas,  Serratia,  Klebsiella, 

E.  COIN  and  Staphylococcus, has  been  assessed  using  a test  system  developed 
at  this  Institute. 

Penetration  rates  between  drapes  were  significant  only  for  Klebsiella,  E. 
coN  and  Staphylococcus,  but  the  variation  within  drapes  was  also  significant,” 
indicating  that  the  variation  may  be  either  in  the  drape  samples  or  the  evalua- 
tion technique.  No  consistently  "best"  drape  was  identified.  Mean  penetra- 
tion of  drape  samples  by  organisms  ranged  from  18  to  37%,  with  the  penetra- 
tion by  Pseudomonas  significantly  higher  than  that  for  other  organisms.  Pene- 
tration of  drape  samples  by  the  three  organisms  showing  significant  differences 
in  penetration  rates  varied  from  12  30%,  indicating  that  all  of  the  tested 

samples  were  imperfect  microbial  barriers  and  were  penetrated  too  readily 
to  afford  significant  protection.  The  findings  suggest  that  two  drape  samples 
showed  slightly  better  barrier  properties  and  that  any  physical  or  process- 
ing characteristics  common  to  those  two  samples  should  be  the  subject  of 
further  study  and  evaluation. 


Military  burn  unit 
Operating  room-based  infections 
Surgical  drapes 
Surgical  gowns 
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EVALUATION  OF  SYNTHETIC  SHEETING  AS  OPERATING  ROOM 
DRAPE  MATERIAL  FOR  USE  IN  A MILITARY  BURN  UNIT 


Commonly  used  surgical  drapes  are  imperfect  microbial  barriers  and 
as  such  may  inadequately  protect  the  operative  wound  of  combat-injured 
soldiers  from  contamination  by  organisms  from  adjacent  skin  areas  or  the 
environment.  Drapes  made  from  synthetic  fibers  generally  have  poor  drap- 
ing characteristics,  do  not  transmit  water  vapor  and  permit  quantitative 
run-off  of  liquids.  Earlier  evaluations  indicated  that  sheeting  made  from 
Spun-bonded  Olefin  possessed  excellent  microbial  barrier  properties  and 
transmitted  water  vapor  but  not  liquid  water,  but  had  marginal  draping 
characteristics  and  still  permitted  liquid  run-off.  In  an  attempt  to  both 
minimize  liquid  run-off  and  soften  the  material,  a single  layer  of  Spun- 
bonded  Olefin  was  then  sandwiched  between  two  layers  of  absorbent  cel- 
lulosic  fibers.  Such  sheeting  was  better  accepted  clinically  but  the  lamin- 
ating procedure  compromised  the  barrier  properties  of  the  sheeting  and  per- 
mitted the  irregular  passage  of  test  bacteria  when  microbial  transmissivity 
was  assessed  using  laboratory  techniques  developed  at  this  Institute.  Spun- 
bonded  Olefin  sheeting  of  varied  thickness,  produced  by  various  fabrica- 
tion-procedures, is  being  evaluated  to  define  those  characteristics  of  a 
clinically  acceptable  surgical  drape  material  which  will  provide  a reliable 
bacterial  barrier. 

Methods 


Two  and  one-half  inch  discs  were  cut  from  six  coded  samples  of  syn- 
thetic sheeting  and  sterilized  in  glass  Petri  dishes  using  ethylene  oxide. 

Test  strains  of  Staphylococcus  aureus.  Pseudomonas  aeruginosa,  Klebsiella 
pneumoniae,  Escherichia  coli  and  Serratia  marcescens  collected  from  clini- 
ca'  microbiology  specimens  were  used  as  the  inocula.^Gultures  of  these 
organisms  stored  in  suspensions  of  sterile  miik  at  -70^,  thawed  and  grown 
for  18  hours  in  trypticase  soy  broth,  constituted  the  inoculum. 

The  sterile  discs  of  sheeting  were  placed  aseptically  on  fresh  blood  agar 
plates.  Six  drops  of  each  test  culture  were  placed  on  each  disc,  spaced  equi- 
distant at  a distance  of  one  cm.  from  the  edge  of  the  disc  of  sheeting  material . 
The  drops  were  left  in  place  for  four  hours  at  room  temperature.  If  the  drops 
of  inoculum  did  not  spread  and  were  still  evident  at  the  end  of  the  four-hour 
exposure  time,  the  remaining  fluid  was  meticulously  removed  by  aspiration 
with  a sterile  capillary  pipette.  The  sheeting  discs  were  then  removed  from 
the  culture  plates  and  the  plates  incubated  at  37°G  for  24  hours, following 
which  the  plates  were  examined  for  evidence  of  growth  at  each  site  of  inocu- 
lum drop  placement.  Seven  replicates  were  run  for  each  test  organism 
so  that  penetration  of  42  individual  inoculum  drops  could  be  assayed. 
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Results 


Th^  fraction  and  percentage  of  penetration  of  inoculum  sites  of  each  sheet- 
ing sample  by  each  of  the  test  organisms  is  shown  in  the  table.  Statistical 
assay  of  these  results  revealed  no  significant  difference  in  penetration  by 
Pseudoiwnas  and  Serratia  organisms  between  drapes,  but  did  reveal  signifi- 
cant  differences  of  penetration  of  the  drape  materials  by  the  other  three  test 
organisms,  Klebsiella,  F.  coli,  and  Staphylococcus.  'For  the  latter  three  organ- 
isms, the  difference  In  drape  penetration  was  significant  at  the  one  per  cent 
ievel,  but  it  should  be  note^  that  the  interaction  was  also  significant  at  the  one 
per  cent  level . 

Discussion 


Chi  square  analysis  of  the  test  organism  penetration  of  the  six  coded  sur- 
gical sheeting  samples  revealed  no  systematic  difference  among  samples 
based  on  sample  c^e.  The  differences  among  drapes  and  among  organisms 
were  found  to  be  significant  but  the  interaction  was  also  significant,  neces- 
sitating analysis  of  drape  penetration  by  individual  organisms:  Significant 
differences  existed  between  drape  penetration  by  Kleb^ella,  E.  coli  and 
Staphylococcus,  but  not  by  Pseudomonas  or  Serratia . Yhe  chF square  within 
drapes  was  significant  or  nearly  significant  for  all  organisms,  suggesting  some 
real  variation  in  either  the  drape  samples  or  the  evaluation  technique. 

Counting  of  positive  penetration  has  been  conservative,  i.e.,  if  a single 
area  of  bacterial  colonies  touches  two  sample  sites,  both  were  considered  to 
have  shown  penetration,  but  it  was  possible  that  penetration  had  occurred 
at  only  one  site  with  spreading  of  the  colonies.  Such  a counting  procedure 
may  increase  the  variation  in  penetration  observed  beyond  an  expected  value. 

!f  the  results  of  the  Pseudomonas  and  Serratia  testing  are  excluded,  the 
interaction  term  remained  significant  and  there  was  no  difference  between 
penetration  by  the  remaining  three  organisms,  i.e.,  Kiebsieila,  E.  coli  and 
Staphylococcus.  The  penetrations  of  each  of  these  three  individual  organisms 
showed  significant  differences  among  drapes  but  the  sampling  technique 
itself,  as  previously  noted, showed  wide  variation.  Among  those  organisms 
where  the  difference  in  penetration  between  drapes  was  significant,  Friedman 
two-way  nonparametric  analysis  suggested  there  to  be  no  consistently  "best" 
drape.  That  analysis  did  suggest  that  if  samples  # 298-132-1  and  #298-132-4, 
possess  a common  property  imparted  by  either  thickness  or  fabrication  pro- 
cessing, further  studies  of  that  property  should  be  made. 

Mean  penetration  of  drape  samples  by  organisms  range  from  17.5%  for 
Serratia  to  36.5%  by  Pseudomonas  organisms,  with  only  the  penetration  rate 
Ipy  Pseudomonas  being  different  from  the  other  organisms.  Determination  of 
mean  penetration  by  each  drape  material  revealed  lower  rates  of  penetration 
of  the  two  drape  materials  previously  noted,  both  in  terms  of  penetration  by 
all  organisms  and  penetration  by  Kiebsieila,  E.  coli  and  Staphylococcus. 
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Over-all  penetration  occurred  in  12-30  % of  test  sites  and  the  differences  be- 
tufeen  drapes  were  riot  great,  indicating  that  all  the  tested  samples  were  pene- 
' trated  too  readily  by  the  test  organisms  and  are,  in  essence,  inadequate  mi- 
crobial barriers.  The  findings  suggest  that  a 'tighter*  sheeting  is  required, 
especially  if  organisms  like  l^iklomorias  are  to  be  excluded  from  passage  in 
the  presently  employed  test  system. 


RESEAflCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


KMPOMT  COftnOL  STItBOL 

DD-DR^EfAR)6J6 


L OATC  PMCV  SUarNT  |«  KIMD  OF  tUMMAIIT 

75  07  01  1 D.  CHANGE 


to  NO  /cooes*  ^NOCNAM  CLCMCnT 


61101A 


^ NMMAAV 


k.  COMTMOWTIHC 


C.  COMTfllOUtinC 


^NOjCCT  NUMOCN 


3A161101A91C 


TASK  AACA  NUMaeR 


00 


WORK  UNIT  NUWaCR 


I *tTLC -IN (u)  studies  of  the  Effect  of  Variations  of  Temperature  and 
Humidity  on  Energy  Deman<is  of  the  Burned  Soldier  in  a Contrc^lled  Metabolic  Room  (44) 


tl  SClCMTIFlC  AND  TfCMNOLOCICAL  ARCAS* 


003500  Clinical  Medicine 


II  START  DATS 


71  07 


1,  CO.T«CT.O«.T 

A oATcs/errecTivc 

^ NUMtCR  * 

C TVRC 

•>  KINO  OF  AWARD 


IS  RKSRONSiai.e  OOO  ORCAMItATlOH 


TCO  COMFLCTIOR  OATC 

Cont 


U PCRrolWANCe  HCTHOO 


Not  Applicable 


C.  In-House 


IS  RSSOURCeS  eSTIHATC  A RROfCSSIOMAL  MAM  VR5  I ^ FUNDS  O'* 


A AWOUMT 
f.  CUM  AMT 


ns  Aripy  Institute  of  Surgical  Research 

[iS  * 

Fort  Sam  Houston,  Texas  78234 


RCSFOHSISLC  IHOIVtOUAL 

■•••-Basil  A.  Pruitt,  Jr.,  COL,  MC 
T€ct-o«.  512-221-2720 


ai  OtMCRAC  use 

FOREIGN  INTELLIGENCE  NOT  CONSIDERED 


to  FCRFORMINC  ORCANI2ATION 

••••  pg  Army  Institute  of  Surgical  Research 
Burn  Study  Branch 

ADDNCiS*  . 

Fort  Sam  Houston,  Texas  78234 

• IIIHCIPAL  IKveiTtCATOn  (euml»h  MAM  It  V S 

"•“« * Dougals  W.  Wilmore,  MD 
T.LfM-o«.  512-221-5712 

SOC1A.  SECURITY  ACCOUNT  NUMSER 

Iassociate  IMVESTIOATORS 


kcyworos  rrncFM  sack 


"•“'Arthur  D.  Mason,  Jr,  MD 

“•••Basil  A.  Pruitt,  Jr,  COL,  MC  DA 


(U)  Metabolism;  (U)  Heat  loss;  (U)  Evaporative  water  loss 
(U)  Controlled  environment;  (U)  Humans;  (U)  Critical  temperature;  (U)  Temperature 


IS  TECHNIC  «C  OSJECTivE  * J*.  ARRROACM.  IS  RROORCSS  t ikwMr  IMf  •»  *AtA  CI»**UU»Ua«  J 

23. :  (U)  To  define  the  relationship  between  surface  cooling  and  hypermetabolism  in  a 
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To  determine  the  afferent  mediator  of  the  hypermetabollc  re- 
sponse to  Injury,  blood  samples  from  thermally  Injured  patients  were 
analyzed  for  prostaglandin  A,  E,  and  F,  Serum  concentrations  were 
unchanged  from  normals  and  femoral  vein  concentrations  were  similar 
In  patients  with  and  without  leg  Injuries*  Injection  of  serum  from 
burn  patients  Into  the  preoptIc  area  of  rabbits  elicited  a febrile 
response  In  9 of  13  samples  tested  while  serum  from  6 normals  evoked 
no  response.  The  factor  In  the  serum  from  burn  patients  was  heat 
labile  and  1 Imulus-lysate  negative,  suggesting  the  pyrogenic  material 
Is  endogenous  pyrogen. 

Studies  In  5 burn  patients  demonstrate  the  presence  of  clinical 
hypothyroidism  following  Injury;  there  Is  a fall  In  serum  T,  and  a 
rise  In  the  attenuated  component,  reversed-T3.  The  significance  of 
this  hypothyroidism  Is  yet  to  be  determined. 


Endogenous  pyrogen 
Prostaglandin 
Thyroid  hormones 
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STUDIES  OF  THE  EFFECT  OF  VARIATIONS  OF  TEMPERATURE  AND  HUMIDITY 
ON  ENERGY  DEMANDS  OF  THE  BURNED  SOLDIER  IN 
A CONTROLLED  METABOLIC  ROOM 

Burn  patients  are  hypermetabolic  and  hyperthermic.  At  any  am- 
bient temperature  studied,  core  and  mean  skin  temperatures  in  thermmal- 
ly  injured  patients  are  elevated  1-2°  above  temperatures  observed  in 
normal  individuals  (1).  When  allowed  to  adjust  ambient  temperature, 
burn  patients  select  a warmer  environment  than  normals  to  achieve 
comfort,  in  spite  of  the  fact  that  the  patients  have  elevated  core  and 
mean  skin  temperatures  (2).  The  ambient  temperature  selected  is  gen- 
erally related  to  burn  size.  Thermally  injured  patients  may  shiver  in 
thermal  neutral  or  warm  environments  (29-32°C),  and  patients  with  ex- 
tensive thermal  injuries  rarely  sweat,  even  in  hot  environments  (>35°C). 
This  evidence  has  been  interpreted  to  suggest  that  thermal  injury  re- 
sults in  an  elevation  of  the  central  reference  temperature,  and  this 
apparent  upward  shift  in  setpoint  activates  the  sympathetic  nervous 
system  which  in  turn  raises  body  temperature.  Fever  secondary  to  in- 
fection is  the  result  of  two  distinct  physiologic  mechanisms:  vasocon- 
striction which  prevents  heat  loss  from  the  body  and  hypermetabolism 
which  increases  heat  production. 

The  burn  wound  is  highly  vascularized  and  surface  blood  flow  is 
increased;  core-skin  heat  transfer  increases  with  burn  size  (3),  and 
leg  blood  flow  is  largely  dependent  on  the  extent  of  surface  injury  to 
the  extremity  (4).  Because  mechanisms  for  vasoconstriction  and  core 
insulation  are  not  normal,  the  burn  patient  must  rely  on  hyper- 
metabolism as  the  primary  mechanism  for  increasing  body  temperature. 

The  cause  of  the  upward  reset  in  the  reference  temperature  in 
burn  patients  is  unknown.  Blocking  afferent  nervous  input  to  the 
brain  by  topical  anesthesia  or  applying  topical  anesthesia  to  the 
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burn  wound  has  not  reduced  the  hypermetabollc  response  (5).  A-sIngle 
pattent  studied  with  spinal  cord  transection  was  narkedly  tiyper> 
metabolic  In  spite  of  almost  con^lete  denervation  of  the  bum  wound. 
However*  the  brain  appears  essential  for  the  post-traumatic  metabolic 
response*  and  hypermetabolism  was  observed  -In  a bum  patient  with 
brain  death. 

Post- trauma tic  hypermetabolism  Is  also  attenuated  during  nor- 
phlne  anesthesia  (6).  This  evidence  suggests  that  afferent  nervous 
Input  to  the  brain  Is  not  the  cause  of  the  l\ypermetabollc  response 
following  Injury  but  that  the  brain  (hypothalamus)  Is  necessary  to 
receive  the  signal  and  to  Integrate  the  final  neurohormonal  response. 
This  report  evaluates  factors  which  are  transmitted  In  the  blood  and 
could  initiate  the  upward  shift  In  central  reference  temperature*  and 
evaluates  new  evidence  which  demonstrates  further  Interaction  between 
the  synpathetlc  nervous  system  and  metabolism  of  thyroid  hormone. 

Methods 


Arterial  and  venous  blood  sanples  were  obtained  between  the  third 
and  31st  postburn  day  from  six  burn  patients  (mean  age  30  years,  mean 
burn  size  43  per  cent)*  the  plasma  immediately  separated,  indomethacin 
added  arid  the  aspirates  frozen.  Prostaglandin  A,  E,  and  F were  ana- 
lyzed, using  specific  antibody  techniques,  and  the  results  compared 
with  blood  obtained  from  normal  controls.  In  addition,  arterial  venous 
samples  were  drawn  simultaneously  from  15  patients  (mean  age  30  years, 
mean  burn  size  45  per  cent  total  body  surface),  with  burned  and 
unbur'ned  lower  extremities  to  determine  the  contribution  of  the 
injury  to  the  prostaglandin  levels. 

Heparinized  venous  blood  was  collected  from  bum  patients  and 
normals  in  pyrogenic-free  syringes,  the  serum  separated  and  transferred 
to  pyrogen-free  vials  which  were  heat  sealed.  The  samples  were  frozen 
until  analysis,  when  they  were  thawed,  the  vial  opened  using  sterile 
technique,  and  a micro  aliquot  injected  through  indwelling  chronic 
cannula  in  rabbits,  placed  by  standard  sterotatic  technique  so  the 


5.  Wilmore  DW:  Hormonal  Responses  and  their  Effects  on 
Metabolism.  Surgical  Clinics  of  North  America,  edited  by  6.  A.  Clowes, 
Or.  (In  press). 

6.  Taylor  JW,  Hander  EW,  Skreen  R,  Wilmore  DW:  Effect  of  CNS 

narcosis  on  the  sympathetic  response  to  stmss.  J Surg  Research  20: 
313,  1976. 
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distal  tip  lies  in  the  preopttc  area  of  the  hypothalamus.  Rectal 
temperature  v/as  monitored  over  the  next  two  hours.  Serum  that  yielded 
a febrile  response  was  heat-'treated  and  re-evaluated,  and  also  tested 
by  liniulus  lysate  assay  for  endotoxin. 

Serial  plasma  samples  were  obtained  from  five  male  thermally 
injured  patients  (mean  age  29  years,  mean  burn  size  66.5  per  cent 
TBS)  and  evaluated  by  radioimmunoassay  techniques  for  T4,  T3,  reverse 
T3  and  TSH. 

RESULTS 

Concentrations  of  prostaglandin  A,  E,  and  F were  similar  to  those 
observed  in  normals  (Table  1),  and  did  not  attain  levels  similar  to 
those  reported  in  pregnant  women.  All  arterial  concentrations  ap- 
peared slightly  lower  than  venous  levels,  presumably  because  the 
lung  activity  degradates  these  components.  The  burn  wound  did  not 
contribute  to  the  production  of  PGE  or  F;  blood  obtained  from^ 
patients  with  and  without  leg  burns  showed  similar  concentrations  in 
the  femoral  vein.  Absolute  prostaglandin  levels  were  unrelated  to 
burn  size  and  did  not  change  with  time  postburn. 

Injection  of  normal  serum  into  the  preoptic  area  of  the  rabbit 
resulted  in  a 0.1°C  rise  in  rectal  temperature  in  6/6  control  sub- 
jects. Serum  from  9/13  burn  patients  elicited  a febrile  response 
(0.63-0. 93°C)  following  hypothalamic  injection.  Limulus  lysate 
assay  was  negative  in  all  these  samples,  and,  after  heat  treatment 
of  the  serum,  the  response  was  attenuated,  suggesting  endogenous 
pyrogen  mediated  the  thermogenic  response. 

T4  levels  were  below  normal  levels  in  the  burn  patient,  but  the 
free  thyroid  index  was  normal,  suggesting  that  T4  concentrations  were 
within  low  physiologic  ranges  and  the  low  concentrations  resulted 
from  the  low  serum  proteins  which  are  observed  following  thermal  injury. 
In  contrast,  triiodothyronine  (T3),  the  active  hormone,  was  abnormally 
low  throughout  the  first  two  weeks  of  injury  (Table  2),  and  returned 
to  normal  with  recovery.  In  contrast,  there  was  an  early  rise  in 
reverse  T3  v/hich  returned  to  normal  levels  during  the  second  week 
postinjury.  Further  studies  during  septic  episodes  in  burn  patients 
two  to  three  v/eeks  postinjury  demonstrate  that  the  marked  rise  in 
reverse  T3  (>125  ng::)  is  associated  with  this  complication;  T3 
is  further  suppressed.  Despite  the  depressed  T3  and  low  T4 
values,  basal  TSH  values  are  <10  u IV/ml,  suggesting  alterations 
in  the  hypothalamus-pituitary-thyroid  axis. 
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Thyroid  Studies  In  Bum  Patients 


Postbum 

Day 

T4  (iig*) 

FTI 

imQii 

RT3  (ng%) 

TSH  (ju  lU/ml) 

3 

2.5 

3.8 

52 

94 

4.1 

6 

2.5 

3.0 

26 

104 

2.2 

8 

3.7 

6.1 

36 

76 

4.2 

10 

5.1 

6.2 

31 

85 

3.2 

13 

3.8 

5.0 

16 

56 

3.7 

15 

5.0 

6.3 

44 

66 

4.7 

Norral 

Range 

4.5-11.5 

3.8-13.4 

80-180 

36-84 

10 
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DISCUSSION 


ProstagUndtn  synthests  tn  tissues  Is  sttwulated  bv  hypoxtat 
resulting  tn  the  elaboration  of  POE,  a vasodilator  which  antagonizes 
the  constrictive- effect  of  catechoUmlnes  to  Increase  blood  flow  to 
the  anoxic  tissue.  PGE  (but  none  of  the  other  prostaglandins)  In- 
jected into  the  hypothalamus  causes  a febrile  response  (7).  It  is 
appealing  to  speculate  that  prostaglandins  serve  as  mediators  for 
local  dilatation  of  the  wound  and  also  stimulate  the  alteration  in 
central  reference  temperature.  This  hypothesis  was  not  confirmed  by 
by  the  data.  Because  prostaglandins  are  rapidly  degradated  at  the 
tissue  level,  these  present  analytical  techniques  may  not  be  sensitive 
enough  to  detect  increased  prostaglandin  activity  and  further  analysis 
of  PGE  metabolites  is  now  being  planned.-  However,  these  prostaglandins 
are  increased  in  pregnant  women,  and  these, patients  do  not  exhibit 
alterations  in  the  thermoregulatory  mechanisms. 

A febrile  response  was  observed  when  serum  from  bum  patients 
was  injected  into  the  temperature  regulation  center  of  the. rabbit. 

This  substance  is  heat  labile  and  tliought  to  be  endogenous  pyrogen, 
the  biochemical  product  of  lymphocytes  and  ether  phagocytic  cells. 
Previous  attempts  to  detect  endogenous  pyrogen  in  man  during  bacterial 
or  viral  Infection  have  not  yielded  such  a high  percentage  of  febrile 
responses,  suggesting  that  the  inflammatory  responses  in  the  bum 
wound  may  continually  liberate  this  mediator. 

Whether  endogenous  pyrogen  is  in  fact  the  mediator  of  the  meta- 
bolic response  to  thermal  injury,  or  just  one  of  a number  of 
factors  which  mediate  post-traumatic  events,  is  not  known.  Animal 
studies  are  in  progress  to  evaluate  the  effect  of  the  white  cell  in 
eliciting  the  metabolic  and  hyperpyrexic  response  to  injury. 

Bum  patients  appear  chemically  hypothyroid,  although  metabolic 
rate  is  elevated  because  of  increasing  discharge  of  the  sympathetic 
nervous  system.  A fall  in  T3  has  been  associated  with  increased 
gluconeogenesis  in  man,  which  apparently  alters  T4  conversion  to  T3 
in  the  liver.  Reversed  T3,  an  iodinated  compound  with  low  biological 
activity,  appears  to  be  generated,  although  the  exact  site  of  syn- 
thesis of  this  substance  is  not  known.  The  effect  of  this  hypothy- 
roidism on  cell  and  organ  function  in  injured  man  is  now  being  eval- 
uated in  an  animal  mode\ 


7.  Stitt  JT,  Hardy  JD,  Stolwijk  JAJ;  PGE,  fever:  its  effect 
on  thermoregulation  at  different  low  ambient  temperatures.  Amer  J 
Physiol  227:622,  1974. 
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to  inve.stigate  the  response  of  isolated  tissueo  to  determine  which  organs  are  hyper- 
metabciic  and  which  are  normal  or  hypometabolic  postburn;  to  better  delineate  the 
cellular  mechanisms  of  thermogenesis  in  the  postburn  hypermetabolic  state. 
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prior  to  study,  (3)  irradiated  2 wks  prior  to  study  to  produce  leukopenia;  (4)  treated 
with  B.I.D.  injections  of  1 mgm/kgm  indomethacin  starting  2 days  prior  to  start  of  study 
dreg  to  continue  through  study  period.  (5)  treated  with  5 different  topical  anti- 
microbials, (6)  treated  with  varying  diet,  (7)  infected  with  topical  pseudomonas. 

These  groups  will  be  prepared  in  rats  mature  but  growing  (180  gm)  rats  at  their  plateau 
growth  phase  (approx.  540  gm)  guinea  pigs  mature  but  growing  (approx.  540  girO  and 
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be  determined  in  modified  Warburg  apparati  on  each  day  from  seven  days  prior  to  r.tart 

of  study  to  the  time  of  burned  animals  complete  wound  healing.  In  vitro  tissui'  (^xyqen 
lactate  glucose  and  glycogen  consumption  or  production  of  liver  slices,  diaphragm 
sections  and  white  fat  cell  suspensions  wi*l  be  made  from  all  treatment  groups  atvarying 
periods  in  the  postburn  hypermetabolic  response  and  compared  with  matched  control, 

25.  (U)  7<5  01  - 76  09  A .. eproduciblo  rat  and  guinea  pig  model  demonstrati nc)  40  to  5'" 
increases  in  metabolic  rate  post  60  and  40%  burns  respectively,  relative  to  matchic! 
control.s.  All  studie<^  at  thermal  neutral  (32“r)  have  been  established  p<.000l,,  for 
each  group  studied. 
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A reproducible  small  animal  model  simulating  the  post  thermal  injury 
hypermetaboiic  response  of  humans  was  developed.  The  oxygen  consumption 
of  one  hundred  60%  burned  rats  w.*;s  approximately  1 . 33  times  that  of  a group 
of  100  weight-paired  controls  from  t^  5th  through  the  45th  post  burn  day 
M.'hen  the  animals  were  studied  at  2rC  and  32^C  (p<  0.0001  at  both  tempei^ 
tures) . The  metabolic  rates  of  normal  and  burned  rats  were  increased  at  YrO 
relative  to  thei/  metabolic  rates  at  32  c.  These  increases  were  proportional  in 
each  group.  A group  of  20  guinea  pigs  with  40%  burns,  70  guinea  pigs  with  60% 
burns  and  1 10  weight-paired  controls  gave  similar  results.  The  ratios  of  their 
observed  to  predicted  normal  metabolic  rates  were  1.33,  1.39,  and  1 .00 
respectively  at  32°C  (p<0.0001) . The  metabolic  rates  of  burned  mature  rats 
were  also  elevated  over  those  of  weight-paired  controls . The  oxygen  consump- 
tion of  a group  of  forty  60%  burned,  540  gm  rats  was  1 . 35  times  that  of  weight- 
paired  controls . The  mortality  of  a 60%  burn  in  these  mature  rats  was  90%  Ly 
post  burn  day  30, whereas  it  was  only  ^5%  in  180  gm  rats  burned  during  their 
linear  growth  phase  (180-500  gm) . When  compared  with  60  intact  normal  rats 
from  the  7th  to  the  25th  post  burn  day,  the  ratio  of  observed/predicted  oxygen 
consumption  of  thyroidectomized  rats  was  0.61,  that  of  20  thyroidectomized 
burned  rats  was  1.00,  and  that  of  60  tiormal  burnea  rats  was  increased  to 
1.41  (p<0.01). 

Oxygen  consumption 
Hypermetabolirm 
Thermal  injury 
Thyroiu 
Ca'2Chohmines 


DEVELOPMENT  AND  ANALYSIS  OF  AN  ANIMAL  MODEL  FOR  THE 
'POST  THERMAL  INJURY  HYPERMETABOLIC  RESPONSE  FOUND  IN 

BURNED  SOLDIERS 


Hypermetabolism  is  a salient  featur^  of  the  human  response  to  thermal 
injur>  • Recent  studies  by  Wilmore,  et  al ' have  shown  that  the  resting  metabolic 
rate  '.nveases  with  burn  size  in  a curvilinear  fashion  (appr^ching  70  to  75 
Kcal/MVhr  as  burn  size  exceeds  50%  of  total  body  surface) . ^ This  is  approxi- 
mately twice  the  normal  metabolic  rate. Other  disease  states  also  stimulate 
hypermetabolism; 'peritonitis  can  cause  a. 25%  increase  in  energy  consumption, 
a multiple  trautm  patient  cn  a respirator  can  have'up  to  a 75%  inc;  ease,  but 
even  this  is  only  equivalent  to  the  rate  generated  by  a 30%  burn.  The  catabolic 
demands  of  this  response  are  huge.  Prior  to  tht  ra  of  continuous  hyperalimen- 
tation at  the  Institute  of  Surgical  Research,  patients  with  greater  than  40%  total 
body  surface  burns  bst  approximately  25%  of  their  pr.eburn  weight  in  the  first 
6 weeks  post  injury.  Recent  work  by  Wilmore,  et  al  ^ has  shown  that  the 
ability  of  a thermally  injured  patient  to  maintain  hypermetabolism  in  the  face  of 
a cold  stress  can  be  exhausted  and  that  this  exhaustion  is  correlated  with 
mortality. 


The  stimulus, mediators,  and  mechanisms  of  end  organ  response  .that  pro- 
duce the  hypecmetabolic  reaction  to  thermal  injury  are  not  fully  understood. 
Wilmore,  et  ar  demonstrated  a correlation  between  metabolic  rate  and  urinary 
catecholamine  excretion.  They  were  further  able  to  decrease  the  hypermetabolism 
of  burned  patients  via  a combination  of  alpha  and  beta  adrenergic  blockade  or 
beta  adrenergic  blockade  alone  indicating  that  catecholamine  is  one  of  the  more 
significant  efferent  mediators  of  th>s  response. Glucagon, which  is  also  increased 
in  the  pos  burned  state,  has  been  shown  to  be  capable  of  increasing  metabolic 
rate  of  normal  as  well  as  burned  individuals.^  Thyroid  hormone, mediator  of 
hypermet^olism  in  other  conditions,  has  been  shown  not  to  be  a primary 
mediator.^'®  Burn  victims  have, in  fact, in  some  situations  been  shown  to  have 
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diminished  thyroid  hormone  levels.^  The  precise  character  of  the  mediating 
hormonal  milieu  has  not  been  delineated.  The  afferent  stimuli  that  induce  this 
milieu  are  unknown.  The  character  of  end  organ  and  cellular  response  are 
unknown.  Further  definition  of  these  mechanisms  might  lead  to  an  ability  to 
better  support  and  moddlate  the  process. 

Various  groups  have  developed  animal  models  to  investigate  the  hyper- 
metabolic  response  to  thermal  injury.  Morgan,  et  ai  ” found  insens*ble  water 
loss  to  be  significantly  elevated  in  burned  rats.  Lieberman  and  Lansche^ 
measuring  metabolic  rate  and  insensible  water  loss  of  thermally  injured  rats 
found  both  to  be  elevated  but  "the  rate  of  increase  in  oxygen  consumption  was 
less  than  the  increase  of  caloric  loss  incident  to  the  increased  rate  of  insen- 
sibly lost  water  in  these  rats" . From  this  and  the  evidence  of  one  burned  rat 
whose  metabolic  rate  was  returned  to  normal  by  placing  a water  impermeable 
covering  over  the  burn  they  concluded  that  the  hypermetabolic  reaction  to 
thermal  injury  was  attributable  to  heat  loss  from  the  evaporation  of  water. 
Caldwell  in  a.secies  of  studies  using  a Benedict  calorimeter  came  to  similar 
conclusions.”'  ^ He  showed  a significant  increase  in  metabolic  rate  in  20% 
burned  rats  relative  to  unburned  controls  studied  at  24  u from  the  2nd  through 
th^  65th  post  injury  day. However, when  these  same  animals  were  studied  at 
32°C,  in  the  thermoneutral  range  for  rats, there  was  no  difference  in  the  meta- 
bolic rate  of  the  2 groups. His  Interpretation,  like  that  of  Lieberman  and 
Lansche,  was  that  post  burn  hypermetabolism  in  rats  is  providing  energy, 
needed  to  offset  ev^iporative  heat  looses.  Human  studies  by  Wilmore,et  a^' 
and  by  Barr,  et  al  * clearly  demonstrate  that  the  human  hypermetabolic  re- 
sponse post  thermal  injury  is  not  abolished  by  raising  ambient  temperature 
to  thermoneutral,  32°C.  Further, Zawacki , et  ar^  showed  that  covering  the 
burn  wound  with  a water  impermeable  membrane  did  not  decrease  caloric 
utilization. in  man  evapoarative  water  loss  is  not  the  primary  stimulus  of  the 
hypermetabolic  response  but  is  elevated  in  parallel  with  it  aVid  may  be  the 
method  by  which  the  increased  heat  generated  in  response  to  other  signals 
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is  dissipated.  In  recent  animal  studies  ' Farkas,  et  al  showed  small  in- 
creases in  oxygen  consumption  In  59  rats  with  27%  burns  over  those  of  paired 
controls.  This  increase  was  significant  in  animials  studied  at  32^C  in  an  at- 
mosphere with  a humidity  of  greater  than  60%. Oxygen  consumption  was  less 
in  both  burned  and  control  animals  at  32°C  than  at  24®C.  Aikawa,  et  al 
studying  the  hypgrmetabolic  response  of  guinea  pigs  with  11%  total  body  sur- 
face burn  at  24. 8°  C reported  increases  In  post  burn  metabolic  rates  which 
were  correlated  with  increases  In  urinary  catecholamine  excretion.  In  this 
study  elevation  In  total  energy  production  could  not  be  explained  by  comen- 
surate  elevations  in  measured  evaporative  heat  loss.  They  conclud^  that 
increases  In  evaporative  heat  loss  post  thermal  injury  were  secondary  and 
"could  at  most  account  for  a small  portion  of  the  post  burn  hypermetabolism". 

The  objective  of  this  investigation  was  to  develop  a reliable  and  easily 
reproducible  animal  model  c *^he  post  burn  hypermetabolic  response  of  humans 
that  would  allow  investigations  of  the  stimulus,  mediators,  and  mechanisms  of 
end  organ  response  to  that  reaction. 

MATERIALS  AND  METHODS 

Various  groups  of  animals  were  burned  over  20,  40,  and  60%  of  their  total 
body  surfac^by  immersion  In  boiling  water  as  previously  reported  by  Walker 
and  Mason.  The  animals  were  anesthetized  with  intraperitoneal  pentobarbital, 
(with  the  exception  of  guinea  pigs  which  were  anesthetized  with  inhalation  pen- 
thrane) . The  animals  were  clipped  of  fur  prior  to  burning,  Weight-paired  con- 
trol animals  were  also  anesthetized  and  clipped  of  fur, they  were  then  dipped  in 
tepid  water.  All  animals,  except  as  noted  below,  were  resuscitated  with  1 cc  of 
Ringer's  iactate/kg/%  burn  injected  intraperitoneal ly  at  the  time  of  burning  and 
with  another  equal  injection  8 hours  post  burn.  Whole  body  oxygen  consumption 
was  determined  over  1 to  2 hour  periods  prior  to  burn  (or  sham  manipulation) 
and  at  intervals  of  1 to  4 days  thereafter  to  approximately  45  days  post  burn. 
Control  animals  were  reclIpped  of  fur  twice  each  week.  Oxygen  consumption 
was  studied  by  placing  animals  in  air-tight  desiccator  jars  over  a layer  of  soda- 
lime,  (a  CO»  absorbent) . The  jar  was  connected  in  series  to  an  Erlenmeyer 
flask  equiliorated  with  100%  oxygen.  The  flask  was  connected  in  series  to  a 
water  bath  in  which  all  apparatus  was  submerged.  The  bath  temperature  and 
the  ambient  temperature  in  the  metabolic  chambers  were  kept  constant  at  the 
predetermined  level  + 1.5°C.  As  the  animals  breathe, CO  is  trapped  by  jhe 
sodalime,  and  a vacuum  is  created  which,  after  overcoming  the  surface  tension 
of  the  * /stem,  pulls  oxygen  from  the  flask  to  the  jar  and  water  from  the  bath  to 
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the  flask  in  a volume  proportional  to  the  amount  of  oxygen  consumed.  Sixteen 
jars  are  run  simultaneously,  8 experimental  animals  and  8 weight-paired  con- 
trols. The  length  of  the  experiment  in  minutes,  the  volume  of  water  pulled  into 
the  Erlenmeyer  flask  in  ccs,  the  weight  of  the  animal  in  grams,  the  ambient 
temperature  in  degrees  centigrade  in  the  metabolic  chambers  and  the  barometric 
pressure  at  the  time  of  the  experiment  were  recorded.  From  these  measurements, 
oxygen  consumption/unit  weight/unit  time  could  be  calculated  after  correcting 
for  standard  temperature  and  pressure.  All  animals  were  studied  on  different 
days  at  ambient  jar  temperatures  of  IrC  and  at  ambient  temperatures  of  32°C, 
thermoneutral.  Oxygen  consumption/unit  time  of  experimental  animals  were 
compared  with  oxygen  consumption  of  weight-paired  controls  over  periods  of 
time  post  injury  by  the  Students  unpaired  "t"  test,  and  the  Scheffe  modification 
of  the  "t"  test  when  required. 

RESULTS 

The  Effect  of  a 60%  Thermal  Injury  on  the  Growth  Rate  of  Rats  Burned 
at  180~^s  of  Weight:  The  growth  rate  of  50  rats  given  a 60%  burn  when  they 

weighed  180  gms  was  compared  with  that  of  50  sham  burned  rats  weighing  180 
gms.  As  seen  in  Figure  1,  the  regression  line  defining  post  burn  day  versus 
weight  for  burned  animals  from  the  date  of  burn  to  the  80th  postburn  day  Is 
higher  than  and  has  a steeper  slope  than  the  regression  line  defining  the  control 
animals.  The  line  defining  the  rate  of  growth  of  the  burned  animals  from  the  7th 
to  80th  post  burn  days  (Figure  2)  Is,  however,  seen  to  be  parallel  to  but  signifi- 
cantly elevated  over  that  of  the  controls.  This  indicates  that  when  rats  are  burned 
at  180  gms,  a point  early  on  their  linear  growth  phase,  they  undergo  a growth 
arrest  of  approximately  7 days  after  which  they  regain  at  a normal  rate.  At  any 
given  time  post  burn,  however,  the  burned  rats  are  lighter  than  controls  weight- 
paired  at  the  time  of  burning.  Therefore, any  comparison  affected  by  weight  of 
the  animals  must  be  corrected  for  this  discrepancy. 


Comparison  of  the  Metabolic  Rate  of  60%  Thermally  Injured  Crowing 
Rats  with  that  of  Predicted  Weight-Paired  Controls  from  the  1st  to  60th 
Post  Burn  Day  with  all  Animals  being  Studied  at  an  Ambient  Temperature 
of  27°C.  The  amount  of  oxygen  consumed/hour  is  plotted  against  weight  for 
40  control  rats  sham  burned  at  180  gm  weight  and  studied  every  3 days  post 
sham  at  an  ambient  temperature  of  27°C  (Figure  3) . The  regression  line  de- 
fined by  the  equation  Y - 160.70  + 0.7709X  is  a fair  predictor  of  this  relation- 
ship, (r"^  value  = 0.C7) , If  one  divides  the  observed  oxygen  consumption/hour 
of  control  rats  of  a given  weight  by  the  oxygen  consumption/hour  that  would  be 
predicted  for  given  weights  by  the  above  regression  line  and  compares  these 
ratios  to  post  burn  day,  a relationship  with  slope  confidence  limits  of  -0.0019 
to  0.0005  and  a Y intercept  of  1 is  obtained  (Figure  4) . This  confirms  the 
validity  of  the  above  regression  line  as  a predictor  of  normal  oxygen  consump- 
tion/unit weight.  In  Figure  5,  the  oxygen  consumed/hour  by  a group  of  40, 

60%  burned  rats  studied  at  an  ambient  temp'^rature  of  27°C,  divided  by  the 
oxygen  consumption  that  would  be  predicted  for  a normal  rat  of  the  same  weight, 
und'  r the  same  ronditions,  is  plotted  against  post  burn  day.  A curve  is  defined 
that  IS  very  similar  to  that  obtained  for  thermal l>  injured  patients.  Metabolic 
rate  increases  from  a pieburn  level  which  is  equivalent  to  the  controls  to  an 
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60%  Burned  Rats,  27^  C 


elevated  plateau  which  is  relatively  constant  from  the  5th  to  the  45th  post  burn 
day,  at  which  time  the  metabolic  rate  gradually  decreases  control  levels  by 
the  60th  post  burn  day.  If  the  ratios  of  observed  burn  ovei  predicted  normal 
oxygen  consumption  are  plotted  against  post  burn  day  from  the  5th  to  the  45th 
post  burn  day  (Figure  6) , they  are  found  to  define  a horizontal  line  with  a Y 
intercept  of  1 .36.  If  these  vaJues  are  compared  with  the  observed /predicted 
ratios  of  the  controls,  this  post  burn  hypermetabolic  response  is  found  to  be 
highly  significant  ("t"  value  18.7  with  202  degrees  of  freedom  p<  0.0001  - 
Figure  7) . At  27°C  growing  rats  have  an  increase  in  metabolic  rate  from  the 
5th  through  the  45th  post  burn  day  of  approximately  34%  above  controls  of  the 
same  weight. 

Comparison  of  the  Metabolic  Rate  of  60%  Thermally  Injured  Crowing 
Rats  with  that  of  Predicted  Weight-Paired  Controls  Studied  at  an  Ambient 
Temperature  of  32*^C.  The  amount  o(  oxygen  consumed/hour  is  plotted  against 
weight  for  40  control  rgts  sham  burned  at  180  gm  weights  and  studied  every  3 
days  post  sham  at  a 32°C  ambient  temperature,  thermoneutra!,  (Figure  8)  A 
regression  line  is  defined  by  the  equation  Y=  74.6441  + 0.0072X  with  an  r 
value  of  0.86.  Dividing  the  observed  oxygen  consumption/hour  of  control  rats 
of  given  weights  by  the  amount  of  oxygen  that  would  be  predicted  from  the 
above  equation  to  be  consumed  by  a rat  of  that  weight,  one  obtains. a line  with 
slope  confidence  limits  of  -0.00117  and  + 0.0011  with  a Y intercept  of  1 (Figure 
9) . The  ratio  of  oxygen  consumed/hour  bv  a group  of  40, 60%  thermally  injured 
rats  studied  at  the  ambient  temperature  32°C,  divided  by  the  predicted  amount 
of  oxygen  that  would  be  consumed  by  control  rats  of  similar  weight  under  similar 
conditions,  again  defines  a curve  very  similar  to  that  of  thermally  injured 
humans  (Figure  10) . The  metabolic  rates  rise  over  the  first  5 days  post  burn 
to  an  elevated  plateau  32%  higher  than  that  of  controls.  The  elevation  in  meta- 
bolic rate  is  relatively  constant  from  the  5th  to  the  45th  post  burn  day  after 
which  it  gradually  decreases  to  normal  by  the  60th  post  burn  day.  Comparison 
of  the  metabolic  rates  of  the  burned  rats  studied  at  32  u with  normals  under 
similar  conditions  (Figure  11),  shows  the  32%  increase  in  the  burned  animals' 
metabolic  rate  over  controls  to  be  highly  statistically  significant  (unpaired  "t" 
value  15.5  with  189  degrees  of  freedom  p<0.0001) . This  indicates  that  growing 
rats,  like  humans,  are  hypermetabolic  post  thermal  injury  when  studied  at  an 
ambient  temperature  of  32°C.  Increasing  temperature  does  decrease  the  amount 
of  oxygen  consumed  by  both  normal  and  burned  animals  of  any  given  weight 
as  can  be  seen  by  the  compa4ison  of  oxygen  consumption/hour  against  weight 
for  control  animals  at  32°C  and  at  2tC  (Figure  12)  .The  regression  line  de- 
fining the  animals  studied  at  32°C  is  significantly  lower  than  that  defining  those 
studied  at  27°C  (p<0.01)  .The  comparison  of  the  burned  rats  studied  at  the  2 
temperatures  (Figure  13)  also  shows  that  the  oxygen  consumption  is  lower  at 
the  warmer  temperatures;  but  the  decrease  in  metabolic  rate  of  burped  animals 
at  the  higher  ambient  temperature  is  comparable  to  the  reduction  observed  in 
the  control  rats. 

The  Effect  of  Animal  Age  on  Metabolic  Rate.  Mature  rats,  that  had 
rc.ached  the  plateau  of  their  growth  phase  (540  gm) , were  submitted  to  60% 
thermal  injuries  and  their  metabolic  rates  were  found  to  be  significantly  elevated 
over  weight-paired  controls  from  the  5th  through  the  26th  post  burn  day,  pz:0.001 
(Figure  14) . The  inc'^ease  in  metabolic  rate  of  iliese  mature, 60%  burned  rats  was 
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1.41  times  that  of  their  weight-paired  controls.  The  mortality  of  these  mature 
animals  following  a 60%  thermal  Injury  was  markedly  greater  than  that  of  growing 
rats  after  a similar  injury.  85%  of  the  large  rats  succumbed  within  the  first  28 
post  burn  days.  Only  10  to  15% of  the  growing  rats  succumbed  to  a similar  injury. 
The  cause  of  death  in  the  adult  rats,  confirmed  by  autopsy  appearance  of  gram 
negative  wound»invasion  and  miliary  hematogenous  bacterial  deposits,  as  well  as 
several  pre-death  blood  cultures,  was  gram  negative  wound  invasion  and  sepsis. 
The  frequency  of  death  in  these  mature  rats  after  a 60%  burn  more  closely 
approximates  the  human  response  to  thermal  injury  than  does  that  of  the  growing 
rat.  It  is  presumed  that  there  is  something  protective  in  the  anabolic  milieu  of 
the  growing  rat  to  thermal  injury.  The  adult  rat  may  be  a better  model  of  the 
human  response. 

Comparison  of  the  Metabolic  Rates  of  40%  and  60%  Thermally  Injured 
Guinea  Pigs  with  the  f^redicted  Metabolic  ka^tes  o<^  Weight-f*aired  Controls^ 
.Studied  at  32°C  Ambient  Temperature,  Thermoneutral.  A group  of  20  guinea 
pigs  was  given  a 40%  thermal  injury  at  280  gm  body  weight  (an  early  point  on 
the  linear  growth  phase) . A second  group  of  70  guinea  pigs  was  given  a 60% 
burn  at  540  gm  body  weight  (a  point  midway  on  the  linear  growth  phase  for 
guinea  pigs)  Both  groups  were  compared  with  weight-paired  controls  and 
with  each  other.  Figure  15  shows  that  the  oxygen  consumed/hour/unit  weight, 
of  control  guinea  pigs  studied  in  an  ambient  temfi^rature  of  32^C  can  be  described 
by  the  equation  Y = 145.7246  + 0.5817X  with  an  r^  value  of  0.66.  When  observed 
oxygen  consumption/hour  for  animals  of  given  weight  is  divided  by  the  oftygen 
consumption/hour  that  would  be  predicted  for  that  weight  from  the  above  equa- 
tion and  the  results  plotted  against  post  sham  days,  a horizontal  line  with  a Y 
intercept  of  1 is  defined  as  would  be  predicted  (Figure  16) . When  the  observed 
oxygen  consumption  of  40%  burned  guinea  pigs  is  divided  by  that  predicted  for 
that  weight  and  plotted  against  post  burn  day,  a curve  similar  to  that  of  rats  and 
humans  is  defined,  increasing  over  the  first  5 days  post  burn  to  a plateau  that  is 
constant  from  the  5th  to  the  45th  post  burn  day,  gradually  •’eturning  to  normal 
by  the  60th  post  burn  day  (Figure  17) . If  the  rates  of  oxygen  consumption  for 
the  but  ned  animals  from  the  5th  to  the  45th  post  burn  days  are  coiaj-ared  with 
the  preaicted  normals  of  the  animals  of  the  same  weight,  the  observed  increase 
is  highly  significant  with  a p <0.0001,  the  burns  being  elevated  1.31  times  the 
controls.  Tho  20,  60%  burned  guinea  pigs,  by  the  same  method  of  analysis, were 
found  to  have  elevation  of  1.39  times  that  of  controls,  again  highly  significant 
with  p<0.000'i  (Fs.^urelB). 

The  Effect  > f Resuscitation  on  Metabolic  Rate  Post  Thermal  Injury. 

Croups  of  10  cor.tr  jIs  and  10,60%  burned  growing  rats  were  respectively  resus- 
citated with  1 cc/kg/%  burn  of  Ringer's  lactate  at  the  time  of  burn  and  2 cc/kg/ 

% burn  Ringer's  lactate.  No  differences  in  the  degree  of  hypermetabolicm  post 
thermal  injury  could  be  ascertained  among  these  four  groups. 

The  Effect  of  Thyroidectomy  on  Metabolic  Rate.  Ten  thyroidectomized 
control  rats,  10  th/roidectomized  60%  burned  rats,  10  non-thyroidectomized 
control  rat^,  and  10  non-thyroidec.omized  60%  burned  rats  we.  e compared.  All 
rats  v/ere  540  gm  at  the  time  of  burn  or  sham..  Metabolic  rates  were  compared 
from  the  5th  to  the  25th  post  burn  days  at  which  times  the  metabolic  rates  of  all 
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WEIGHT  (CMS) 

Guinea  Pigs  - Sham  Burned,  32 


POST  BURN  DAY 
Burned  Guinea  Rgs,  32^  C 


groups  were  found  to  be  constant.  Their  ratios  were:  thyroidectomized  unburned 
rats,  0. 61, < thyroidectomized  burned  rats  1.01  = to  non-thyroidectomized  controls 
1.00,<non-thyroidectomized  burns  1.41.  These  results  were  significant  with  a 
p value  of  <.0.05  by  the  Scheffe  test.  This  indicates  Uiat  thyroid  hormone  levels 
are  not  a primary  mediator  of  the  pest  burn  hypermetabolic  response  but  do 
condition  it. 

DISCUSSION 

Previous  small  animal  models  lat  have  been  developed  to  simulate  the 
human  post  burn  hypermetabolic  response  have  shown  significant  increases  in 
oxygen  consumptions  with  various  burrvs^e^  animals  were  studied 

at  relatively  cold  environments  (24°C) . » ' ' ' ^ Only  one  study  has  shown 
consistent  increases  in  metabolic  rate  when  the  animals  were  studied  at  thermo- 
neutral 32^C,^  and  this  increase  was  quite  small.  The  human  post  burn  hyper- 
metabolic response  is  clearly  not  temperature  dependent.  The  increases 
in  metabolic  rate  in  humans  can  not  be  explained  by  increased  energy  require- 
ments generated  by  evaporative  heat  loss,  ^ as  has  been  the  explangti^ 
for  the  increased  metabolic  rates  in  many  of  the  above  animal  studies.”'  ' 

The  present  study  establishes  an  animal  model  using  rats  and  guinea  pigs  of 
varying  stages  of  maturity,  all  of  which  showed  large  (on  the  order  of  130-140 
of  controls)  and  significant  (p<0.0001  for  all  groups)  post  burn  hypermeta- 
bolic reactions  at  thermoneutrai  (32°C) . The  metabolic  responses  of  these 
animals  was  temperature  sensitive  as  both  normal  and  burned  animals  showed 
lower  metabolic  rates  at  32®C  than  at  relatively  cold  27°C.  But  the  decreases 
in  metabolic  rate  were  proportional  for  the  burned  and  unburned  animals.  The 
characteristics  of  the  metabolic  rate  versus  post  burn  day  of  the  animajs^tudied 
in  this  project  closely  simulate  those  previously  reported  for  humans,  ' 
increasing  to  a plateau  elevation  from  the  5th  to  the  45th  post  burn  day  and 
then  gradually  returning  to  normal  as  the  burn  wound  heals. 

The  reason  this  study  shows  increases  in  metabolic  rates  of  burned 
animals  is  probably  burn  size  relate^  The  largest  injury  infiicted  in  earlier 
studies  was  the  27%  burn  of  Farkas,  our  burns  were  40  and  60%.  All  previously 
studied  animals  were  on  their  linear  growth  phase,  bu.*ns  being  applied  to 
rats  when  their  weight  was  180  to  220  gm.  A 20-30%  burn  is  fatal  to  only  5-15% 
of  animals  in  this  anabolic  milieu  and  probably  does  not  represent  a sufficient 
stress  to  Institute  a hypermetabolic  response. 
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23.  (U)  The  objective  of  this  study  is  to  determine  the  mechanisms  of  hypocalcemia 

and  hypocalciuria  in  thermally  injured  patients.  In  addition  the  role  of  calcium  in  I 

the  production  of  renal  impairment  in  thermally  injured  troops  is  to  be  assessed. 

24.  (U)  Calcium  balance  studies  will  be  performed  on  burn  patients,  with  all  calcium 
intake  and  output  measured.  If,  as  we  expect,  the  patient  is  in  positive  calcim 
balance,  we  will  investigate  the  skin  as  the  site  of  calcium  deposition.  Skin 
biopsies  and  eschar  biopsies  will  be  performed  and  analyzed  for  calcium.  In  addition, 
parathyroid  hormone  levels  will  be  determined,  and  the  response  tc  the  development 

of  hypocalcemia  will  be  documented.  This  will  be  correlated  with  any  functional  change 
in  renal  metabolism. 

25.  (U)  75  07  - 76  09  This  protocol  has  been  completed  with  the  entry  of  20  patients 
into  the  study.  To  date  the  results  of  the  serum  and  urine  studies  have  been  tabulated 
but  the  results  from  the  dietitian  concerning  the  intake  of  calcium  and  phosphorus  are 
not  yet  available..  In  addition,  the  studies  of  parathormone  to  be  performed  by 

Dr.  Goldsmith  at  the  Audie  Murphy  Veteran  Administration  Hospital  in  San  Antonio  have 
not  yet  been  completed  due  to  the  temporary  interruption  in  his  assay  procedure.  It  is 
expected  that  the  results  will  be  tabulated  and  conclusions  drawn  within  the  next 
several  months. 
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This  study  has  been  completed  with  the  entry  of  20  patients  into  the  study. 

Tc  date  the  results  of  the  serum  and  urine  studies  have  been  tabulated  but  the 
results  from  the  dietitian  concerning  the  intake  of  calcium  and  phosphorus  are 
not  yet  available.  The  observed  early  hypocalcemia  has  been  a consistent 
observation.  Skin  calcium  levels  have  not  been  elevated  so  the  calcium  is 
either  being  excreted  in  the  urine  and/or  stool,  or  being  sequestered.  In  view 
of  the  observations  with  acute  renal  failure  where  it  tends  to  be  elevated,  it  is 
unlikely  that  the  bone  is  acting  as  a sump.  The  studies  of  parathormone  (P^‘H) 
to  be  performed  by  Dr.  Goldsmith  at  the  Audie  Murphy  VA  Hospital,  San  Antonio, 
have  not  been  completed  due  to  the  temporary  interruption  in  his  assay  pro- 
cedure. It  is  expected  that  the  results  will  tabulated  and  the  conclusions 
drawn  within  the  next  several  months.  It  Is  hoped  that  a method  for  measuring 
urinary  CAMP  will  be  developed  at  USAISR  shortly,  and  these  studies  will  sup- 
port the  PTH  data . 
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23.  (U)  Efforts  will  be  made  to  establish  one  or  more  metabolic  basis  for  acquired 
leukocyte  dysfunction  following  thermal  injury.  Establishment  of  specific  nutritional 
or  environmental  effects  may  allow  for  corrective  management. 

24.  (U)  Initial  efforts  will  be  to  measure  glucose  metabolism  in  normal  and  burned 
patients  leukocytes.  Purifiea  and  washed  granulocyte  populations  will  be  examined 
for  oxidization  of  Carbon  14  labeled  glucose.  Hexose  monophosphate  shunt  and 
glycolysis  activity  will  be  estimated  by  release  of  14j,p2^^o"*  respectively  1-^^C 
glucose.  Measurements  will  be  made  on  resting  and  latex  particle  (=0.8  u)  stimulated 
cells. 

25.  (U)  75  12  - 76  09  A standarized  latex  concentration  response  assay  has  been 

developed.  Normal  values  and  confidence  limits  have  been  established.  Examination 
of  patients'  cells  has  begun  with  eight  patients  studied  to  date.  In  both  stimulated 
and  unstimulated  leukocytes  from  burn  patients  both  pathways  of  glucose  metabolism 
were  suppressed. 
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The  metabolic  alterations  underlyin^postburn  anomalies  of  granulocyte 
function  have  been  studied  by  examining  u-glucose  oxidative  metabolism  in 
granulocytes  from  burned  patients  under  serum  free,  chemically  defined  con- 
ditions. Granulocytes  from  burned  patients  and  controls  were  prepared  from 
heparinized  (10  units/ml)  venous  blood  by  dexlran  sedimentation,  NHXI  treat- 
men^^and  hypaque-ficoll  density  gradient  centrifugaUon.  Cells  were  examined 
for  ^CO-  production  from  either  X-l-giucose  or  c-6-glucose  during  a 60 
minute  incubation  at  37°C  with  or  without  an  optimal  stimulatory  dose  of  0.79  u 
latex  particles.  Reaction  mixtures  contained  2-4.5  x 10”  granulocytes/ml  and 
a specific  activity  of  1 u Ci/5.5  uM  glucose/ml,  Phagocytosis  of  latex  particles 
in  the  absence  of  serum  was  confirmed  by  scanning  electron  microscopic  obser- 
vation. 


14, 


Examination  of  33  normal  male  volunteers,  ages  20-43,  indicated  '"’CO- 
production  values  from  C-1  or  C-6  glucose  to  be  distributed  according  to  a log 
normal  distribution.  Eight  thermally  injured  male  patients,  ages  18-37,  with 
a range  of  total  body  surface  burn  of  60-90%,  mean  70.2%,  were  examined  72-96 
hours  ppstburn.  Patient  mortality  was  75%.  Data  are  presented  as  In  mean 


CPM/lo”  cells  + 95%  confidence  limits . 


1*-C-Glucose  6*-C-Glucose 

w/o  Latex  w/Latex  w/o  Latex  w/Latex 

Control  5.5853+0.1306  7.3800+0.0851  2.4784+0.1292  4.4244+0.1544 


Burn  4.6115  0.3678  6.6893  3355  1.3668  + 0.3167  2.5557  + 0.4795 

1 4 

Significance  testing  showed  that  cells  from  patients  had  reduced  CO„ 
production  under  all  tested  conditions  (p  <.0.001)  , This  constant  decrease 
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In  oxidative  metabolism  of  glucose  by  granulocytes  following  thermal  Injury 

may  be  a basis  for  the  leukocyte  dysfunctions  previously  demonstrated  In  like 
patient  populations. 
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23.  (U)  To  evaluate  left  ventricular  function  in  the  thermally  injured  patient, 

especially  in  postburn  shock  phase.  To  evaluate  the  hypothesis  that  myocardial 
depression  is  a direct  consequence  of  severe  thermal  injury. 


24.  (U)  Serial  left  ventricular  performance  profiles  will  be  derived  echocardio- 
graphically  and  correlated  to  the  clinical  state  of  the  patient. 

25.  (U)  76  06  - 76  09  Due  to  delayed  equipment  delivery  and  subsequent  calibration 

serial  patient  studies  have  just  been  initiated.  The  instri’ment  has  been  used  to 
assess  the  configuration  of  cardiac  values  in  patients  suspected  at  having  bacterial 
endocarditis.  No  valvular  vegetations  were  identified  by  echocardiography  in  15 
patients  with  blood  cultures  positive  for  Staphylococcus  aireus  and  in  the  four  of 
these  patients  who  died  autopsy  examination  revealed  norma",  cardiac  values. 
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Complex  cardiovascular  interactions  following  acute  thermal 
Injury  have  been  studied  by  indirect  methods  of  myocardial  perfor- 
mance. Myocardial  depression  has  been  implicated  as  an  etiology  for 
decreased  cardiac  output  during  the  early  postburn  period.  No  direct 
measurements  of  left  ventricular  performance  have  been  reported.. 

This  *«tudy  proposes  to  utilize  sensitive  echocardiographic 
measurements  of  LV  internal  dimensions  to  evaluate  postburn  myo- 
cardial contractility.  Due  to  delayed  equipment  delivery  and  cub- 
sequent  calibration,  only  two  serial  studies  have  been  carried  out 
In  the  early  resuscitativx'  phase.  Fourteen  other  patients  have 
been  studied  serially  for  possible  endocarditis.  Two  patients  have 
been  evaluated  during  septic  shock. 

No  specific  conclusions  can  be  drawn  from  this  small  group  of 
patients.  However,  this  noninvasive  technique  appears  feasible  for 
serial  studies  of  LV  performance  post-thermal  injury. 


Resuscitation 

Burned  soldiers 

Echocardiography 

Left  ventricular  function 

Postburn  shock 
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23.  (U)  To  identify  electronmicroscopic  glomerular  pathology  postburn  and  relate  it  to 
renal  function  changes  in  burned  soldiers. 

24.  10)  All  patients  in  the  burn  unit  with  immediate  postmortem  authorization  will 
undergo  within  one  hour  postmortem  percutaneous  needle  biopsy  of  kidney.  Tissue  will 
be  examined  by  light,  electron,  ana  immunofluorescent  microscopy.  Premortem  renab 
function  will  be  monitored  by  urinalysis,  BUN,  serum  creatinine,  urine  creatinine, 
urine  sodium,  and  urine  potassium.  Patients  will  be  grouped  by  serum  creatinine  and 
pattern  of  function  (6p.l:Cr  less  than  1.2;  6pII:Cr  more  than  1.2;  A:prerenal; 

Btrenal).  Clinical  course  noting  type  of  burn,  crush  injury,  resuscitation, 
coagulopathy,  shock,  sepsis;  hypoxia,  and  medications  will  be  recorded  for  future 
correlation. 

25.  (0)  75  07  - 76  09  Twenty- five  patients  have  been  studied.  Ten  specimens  were  pro- 
cessed for  ininunoglobulin  deposition  and  were  interpreted  as  having  no  immunoglobulins 
present.  Seventeen  had  interpretable  transmission  EM  findings.  The  transmission  EM 
findings  included  subendothelial  rarefaction,  segmental  foot  process  fusion,  increased 
mesangial  matrix,  and  subendotnelial  dense  deposit.s.  No  correlation  could  be  found 
between  renal  function  and  EM  alterations.  Presently  an  effort  is  being  made  to 
correlate  renal  function  with  surface  alterations  demonstrated  by  scanning  EM. 
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The  purpose  of  this  study  was  to  determine  if  fibrin  disposition  immune 
complex  disease,  or  toxic  basement  membrane  alteration  could  explain 
the  azotemia  seen  in  the  thermally  injured  patient.  To  answer  this  ques- 
tion patients  undersent  needle  biopsy  of  the  kidney  within  one  hour  of  death 
and  the  tissue  was  submitted  for  light,  electron,  and  immunofluorescent 
microscopy.  Of  the  25  samples  17  were  adequate  for  elecfronmicroscopy, 
and  9 were  adequate  for  immunofluorescent  microscopy.  Electronmicro- 
scopy  revealed  spreading  of  lamina  rara  interna  in  15,  atypical  subendo- 
thelial  densj  deposits  in  5,  increased  mesangial  matrix  in  9,  and  focal  foot 
process  fusion  in  7.  Immunofluorescent  microscopy  of  IgC,  IgM,  IgA, 
fibrinogen,  and  complement  was  negative  in  8.  One  patient  exhibited  1 + 
linear  staining  of  uneven  intersity  from  glomerulus  to  glomerulus  of  IgC,  and 
trace  to  1+  mesangial  streaking  of  Complement  (B.C) . Histopathologic  find- 
ings could  not  be  correlated  with  serum  creatinine  levels  in  these  patients. 

Most  electpnmicroscopic  alterations  were  considered  to  be  duetto  early 
autolysis.  There  was  no  evidence  that  fibrin  or  immune  complex  deposition 
or  basement  membrane  alteration  was  responsible  for  the  altered  renal 
function. 


Glomerulus 
Scanning  EM 
Transmission  EM 
Burn 
Azotemia 
Humans 
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RENAL  FUNCTION  IN  THE  BURN  PATIENT:  I.  HISTOLOGY 

The  incidence  of  renal  insufficiency  following  thermal  injury  has 
decreased  with  improved  initial  fluid  resuscitation.  However,  even 
with  adequate  resuscitation,  azotemia,  which  progresses  to  marked  renal 
insufficiency,  is  occasionally  seen.  The  typical  pattern  is  that  of  a 
"prerenal"  insufficiency  manifested  by  a BUN/creatinine  ratio  greater 
than  10,  urine  urea  nitrogen/serum  urea  nitrogen  or  urine  creatinine/ 
serum  creatinine  ratio  greater  than  20,  urine  specific  gravity  greater 
than  1 .015,  and  a low  excretion  of  sodium  with  a high  ^ixcretion  of 
potassium.  The  tubules  continue  to  perform  maximaliy  as  glcriieruiar 
filtration  progressively  declines,  revealing  a glomerulotubular  imbalance. 

Graber  and  Sevitt  observed  occasional  lipid  deposits  in  glomeruli 
and  areas  of  tubular  necrosis  in  the  thermally  injured  patient.  How- 
ever, in  spite  of  microscopic  pathology,  the  tubules  were  able  to  reab- 
sorb sodium  and  excrete  potassium  normally.  It  may  be  that  the  reduc- 
tion in  urine  flow  allows  the  tubules  to  reclaim  most  sodium  from  the 
slowly  moving  filtrate.  A block  in  plasma  flow  from  the  glomerulus  to 
the  tubule  could  explain  the  clinical  findings.  Graber  and  Sevitt  de- 
scribed multiple  fine  droplets  of  fat  within  the  glomerular  tufts  and 
possibly  within  the  endothelium  and  epithelium.  However,  no  electron 
microscopy  was  performed.  Tissue  submitted  from  ISR  autopsy  specimens 
in  the  past  for  electron  microscopy  and  immunofluorescent  microscci'y 
have  been  unsatisfactory  for  detailed  study.  Tissue  obtained  within 
one  hour  of  death  will  hopefully  provide  interpretable^study  material. 

This  study  will  attempt  to  identify  any  electronmicroscopic  glo- 
merular pathology  associated  with  normal  and  abnormal  renal  function 
In  tK;  thermally  injured  patient.  All  patients  with  immediate  post- 
mort^jm  authorization  will  undergo  within  one  hour  postmortem  percu- 
taneous needle  biopsy  of  the  kidney.  Tissue  will  be  examined  by  light 
and  electron  microscopy  at  the  ISR  Lab.  Renal  tissue  will  also  be 
rapidly  frozen  and  sent  to  Dr.  McPhaul  at  Wilford  Hall  Air  Force  Hos- 
pital for  immunofluorescent  necroscopy  to  determine  the  presence  of 
IgG,  IgA,  fibrin,  and  complement.  Renal  function  will  be  monitored  by 
ur.nalysis,  BUN,  serum  creatinine,  urine  creatinine,  urine  sodium,  and 
urine  potassium.  Patients  wilt  be  grouped  by  serum  creatinine  and 
pattern  of  function  (Group  1.  Cr  less  than  1 .2;  Group  II:  Cr  greater 
than  1.2;  A:  prerenal;  B:  renc'l) . Clinical  Course,  noli na  time  of  burn. 


1.  MoncriefJA:  Burns.  New  Eng  J Med  288:  444,  1973, 

2,  Graber  IG,  Sevitt  S:  Renal  function  in  burned  patients  and  its 
relationship  to  morphological  changes,  J Clin  Path  12:  25,  1959. 


crush  injury,  resuscitation,  coagulopathy,  shock,  sepsis,  hypoxia,  and 
medications  will  be  recorded  for  future  correlation. 

RESULTS 


Twenty-five  patients  were  biopsied  up  to  iwo  hours  after  death.  Of 
the  twenty-five  patients,  only  seventeen  had  interpretable  electronmicro- 
scopic  findings.  The  electronmicroscopic  glomerular  alterations  observed 
were  subendothelial  rarefaction  in  sixteen  patients,  segmental  foot  process 
fusion  in  eleven  patients,  increased  mesangial  matrix  in  ten  patients, 
and  subendothelial  dense  deposits  in  five  patients.  Of  the  eight  uninter- 
pretable specimens,  four  contained  no  glomeruli,  two  were  mixed,  and  two 
were  lost. 

Of  the  twenty-five  patients  biopsied  only  ten  had  adequate  samples  for 
immunofluorescence  microsocpy . Nine  specimens  failed  to  demonstrate 
immunofluorescence  to  IgC,  IgM,  IgA,  complement,  or  fibrinogen.  One 
patient  exhibited  1+  linear  staining  of  uneven  intensity  from  glomerulus  to 
glomerulus  of  IgC,  and  trace  to  1+  mesangial  streaking  complement  (B^C) . 

Table  I summarizes  relationships  between  electron  microscopy,  immuno- 
fluorescent  microscopy,  urine  fibrin  split  products,  maximum  serum  creat- 
inine, burn  size,  and  recognized  nephrotoxins. 

DISCUSSION 

2 

Several  years  ago  Craber  and  Sevitt  addressed  the  relationship  be- 
tween renal  histopathology  and  function.  Tubular  necrosis  was  observed 
in  patients  with  normal  renal  function,  and  normal  tubules  were  observed 
in  patients  with  clinical  renal  failure.  They  concluded  that  there  was  little 
correlation  between  renal  tubule  histology  and  function,  but  suggested 
that  a pretubular  anatomic  defect  might  explain  the  discrepancy.  This 
study  examined  the  relationship  of  renal  function  to  glomerular  histology. 

Our  clinical  observations  suggested  that  the  renal  insufficiency  observed 
in  the  burn  population  was  of  the  "prerenal"  type.  This  was  suggested  by 
a BUN  rising  out  of  proportion  to  creatinine,  very  low  urinary  sodium 
excretion,  very  high  urinary  potassium  excretion,  UUN/BL  'I  and  Ucr/Scr 
ratio  greater  than  20.  Such  a pattern  is  compatible  with  glomerular  tubular 
imbalance  i.e.  decreasing  filtration  in  the  presence  of  good  tubular  function. 
Mechanical  blocking  of  flow  from  the  blood  side  to  the  urine  side  of  the  cap- 
illary loop  as  in  acute  glomerulitis  could  give  this  functional  pattern. 

This  study  found  no  significant  immune  deposits  in  the  glomeruli 
thus  ruling  out  antigen-antibody  type  damage.  Fibrin  was  also  absent 
on  electron  and  light  microscopy.  However,  all  most  all  glomerular  capillary 
loops  demonstrated  some  abnormality  on  eiectron  microscopy,  but  none  of 
these  abnormalities  could  be  correlated  with  level  of  serum  creatinine. 

These  results  sugge^i  that  there  is  no  gross  mechanical  blockage  of  flow 
from  the  blood  side  to  the  Bowman's  space  side  of  the  capillary  loop  by 
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immunoglobulins  or  fibrin.  Although  electronmicroscopic  alterations 
could  account  for  reduced  filtration,  it  is  unlikely  since  serum  creatinine 
varied  from  0.7  to  8.0  r^egardless  of  electronmicroscopic  alterations.  The 
histologic  findings  in  this  study  may  represent  only  postmortem  autolysis. 

Recently  scanning  electronmicrosroiy  has  revealed  glomerular  surface 
alterations  in  acute  renal  failure  models^,  again  raising  the  question  of 
relationship  between  histologic  and  functional  alteration.  These  surface 
changes  and  their  relationship  to  renal  function  need  to  be  further  evaluated. 
Such  an  investigation  is  presently  underway. 

PRESENTATIONS  AND/OR  PUBLICATION 


None 


CoxJW,  etal:  Studies  on  the  mechanism  of  oliguria  in  a model 
of  unilateral  acute  renal  failure.  J . Clin.  Invest.  53:  6,  1974. 
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23.  (U)  To  determine  the  degree  of  spread  of  infection  from  the  lower  to  the  upper 
urinary  tract  in  burned  soldiers. 

24.  (U)  Patients  with  indwelling  bladder  catheters  will  have  urine  excimined  daily  for 
bacteria  and/or  yeast.  Those  patie-'ts  found  to  have  organisms  in  the  urine  will  have 
their  urine  processed  to  determine  r the  organisms  are  coated  with  immunoglobulin. 
Patients  found  to  have  organisms  whxch  are  coated  with  immunoglobulin  will  have  urine 
sent  to  bacteriology  for  culture  and  sensitivity  testing  so  that  appropriate  euitibiotic 
therapy  can  be  instituted  Those  patients  coming  to  post  mortem  examination  will  have 
detailed  examination  of  t.  e urinary  tract  for  organism  invasion. 

25.  (U)  75  11  - 76  09  Twenty  patients  have  been  evaluated  to  date.  Of  the  five 
with  bacteruria  none  were  demonstrated  to  have  immunoglobulin  coating,  suggesting 
only  bladder  infection.  Of  the  fifteen  with  candiduria,  only  those  with  hyphae  were 
found  to  have  immunofluorescence.  No  correlation  has  been  mide  between  anatomic  site 
of  Infection  by  postmortem  examination  and  yeast  immunoglobu.  in  coating.  No 
conclusions  can  be  drawn  until  more  patients  are  studied. 
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Budding  yeast  and  hypae  are  frequently  observed  in  the  urine  of  thermally 
injured  patients  requiring  prolonged  indwelling  urinary  bladder  catheterization 
and  systemic  antibiotics.  This  investigation  was  designed  to  determine  if  yeast 
infections  of  the  urinary  tract  can  be  localized  by  staining  for  immuno  oglobulin 
on  the  yeast,  to  determine  what  percent  of  catheterized  patients  develop  upper 
tract  disease,  and  to  determine  if  appropriate  therapy  can  reduce  the  incidenc 
of  sepsis  by  identifying  upper  tract  disease  early. 

Twenty  patients  have  been  evaluated  to  date.  Of  the  5 with  bacteriuna, 
none  were  demonstrated  to  have  immunoglobulin  coating  suggesting  no  extra- 
bladder infection.  Of  the  25  with  candiduria,  only  those  with  hyphae  were 
found  to  have  immunofluorescence.  No  correlation  has  been  made  between 
anatomic  site  of  infection  by  postmortem  examination  and  yeast  immunoj^lobulin 
coating . No  conclusions  can  be  drawn  until  more  patients  are  studied . 
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Infection 
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LOCALIZATION  OF  INFECTION  WITHIN  THE  URINARY  TRACT 


Budding  yeast  and  hyphae  are  frequently  observed  in  the  urine  of  thermally 
injur&u  patients  requiring  prolonged  indwelling  urinary  bladder  catheterization 
arid  systemic  antibiotics.  Hyphae  in  the  urine  have  been  considered  a sign  of 
tissue  invasion,  rattier  than  just  a sign  of  contaminated  urine  in  the  bladder; 
however,  if  the  infection  is  limited  to  the  bladder,  it  can  be  managed  by  local 
Irrigation  of  the  bladder  with  S flucytosine  or -amphotericin,  thus  reducing  the 
toxicity  of  systemic  therapy^,  if  the  kidney  was  infected,  local  bladder  irriga- 
tion would  not  be  sufficient.  Recently,  it  has  been  reported  that  bacteriuria  can 
be  localized  as  coming  from  the  kidney  or  bladder  by  staining  the  urine  for 
bacteria  coated  with  immunoglobulins^'  . Those  bacteria  originating  in  the 
kidney  would  be  immunoglobulin  coated  and  those  coming  from  the  bladder 
should  not  be  coated.  However,  one  must  be  careful  when  the  patient  is  a 
male  because  prostatitis  can  a 'so  coat  bacteria;  therefore,  "everything  that 
coats"  Is  not  always  of  kidney  origin.  If  yeast  In  the  urine,  originating  from 
areas  other  than  the  bladder,  were  also  coated  with  an  immunoglobulin,  then 
this  could  be  used  to  determine  if  the  patient  should  be  managed  with  systemic 
antifungal  therapy  in  addition  to  local  therapy. 

Preyious  investigators  at  this  institute  have  reported  that  once  the^rinary 
catheter  is  removed,  bacteriuria  frequently  resolves  without  therapy.  Those 
patients  who  did  not  have  spontaneous  resolution  of  bacteriuria  may  have 
had  upper  tract  infections  requiring  further  management.  By  staining  the 
bacteria  in  the  urine  for  immunoglobulin,  one  can  identify  this  group  and 
manage  them  appropriately. 

This  investigation  was  designed  to  answer  the  following  questions:. 

1 . Can  yeast  infections  of  the  urinary  tract  be  localized  by  staining  for 
immurx>globulin  on  the  yeast? 

2.  What  percentage  of  catheterized  patients  develop  upper  tract  disease? 

3.  Can  appropriate  therapy  reduce  the  incidence  of  sepsis  of  identi- 
fying upper  tract  disease  early? 


1.  Kosinn  PJ,  Taschdjian  CL:  Enteric  Candidiasis:  diagnosis  and  clinical 
considerations.  Pediatrics  30:  71,  1962. 

2.  Wise  CJ  et  al:  Candidal  cystitis.  JAMA  224:  1636,  1973. 

3.  Thomas  V,  et  al:  Antibody-coated  bacteria  in  the  urine  and  the  sites 
of  urint-iry  tract  infection.  New  Eng  J Med  290:,  5S8,  1974. 

4.  1 homas  V,  et  al:  Immunoglobulin  levels  and  antibody  - coated  bac- 
teria in  urines  from  patients  with  urinary  tract  infections.  Pros  Soc  Exper 
Biol  Med  148:  1198,  1975. 

5.  Reckler  JM:  Urinary  tract  infections  in  burned  patients.  USAISR 
Annual  Research  Progress  Report,  June  1971,  pg  11. 
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4.  After  appropriate  therapy,  does  coated  or  uncoated  bacteriuria 
recur? 

METHODS 

All  patients  founcj  to  have  yeast,  by  microscopic  examination  of  the  urine, 
will  have  urine  set  aside  for  immunofluorescence.  Those  patients  coming  to 
postmortem  examination  will  be  specifically  observed  for  yeast  infection  of 
the  kidney,  ureter,  bladder  wall,  and  prostate,  as  well  as  other  areas  of 
tissue  invasion.  The  pathologic  findings  will  be  correlated  with  the  immuno- 
fluorescence of  the  organisms  in  the  urine. 

Ail  patients  with  indwelling  catheters  will  have  urine  screened  for 
bacteria  which,  in  turn,  will  1^  subjected  to  immunofluorescence.  Clean 
catch-midstream  urine  will  also  be  screened  after  the  urinary  bladder 
catheter  Is  removed.  Those  patients  found  to  have  "coated"  bacteriuria,  as 
well  ^s  those  with  "noncoated"  bacteriuria  found  48  hours  after  removal  of 
the  urinary  catheter,  will  be  treated  with  the  appropriate  antibiotic,  as 
determined  by  culture  and  sensitivity.  Urine  will  be  constantly  screened 
after  any  therapy  for  urinary  tract  infection. 

Staining  of  bacteria  and  yeast  in  the  urine  for  immunoglobulin  will  be 
done  by  the  technique  described  by  Thomas,  et  al  ^ 

RESULTS 

Twenty  patients  have  been  evaluated  to  date.  Of  the  5 with  bacteriuria, 
none  were  demonstrated  to  have  immunoglobulin  coating  suggesting  no 
extrabladder  infection.  Of  the  15  with  candiduria,  only  those  with  hyphae 
were  found  to  have  positive  immunofluorescence  tests.  No  correlation  has 
been  made  between  anatomic  site  of  infection  by  postmortem  examination 
and  yeast  immuroglobulin  coating . No  conclusions  can  be  drawn  until 
more  patients  are  studied. 
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23.  (u)  In  the  established  dog  model  of  volume  expansion,  responses  in  adaptation  and 
autoregulation  occur.  Renal  prostaglandins  are  thought  to  play  a role  in  this 
autoregulation.  The  objective  in  this  study  ir  to  observe  response  to  volume 
expansion  in  the  absence  of  prostaglandins  as  a model  of  changes  in  injured  troops. 

24.  (U)  Volume  expansion  in  the  dog  model  will  be  accomplished  with  7.5%  body  weight 
expcinsion  with  Ringer's  Lactate  (RL) . For  comparison,  6.5mlAg  body  weight  of  hyper- 
oncotic  albumin  (HA)  will  be  used  to  study  the  difference  between  vascular  and 
interstitial  expansion  (RL)  and  vascular  expansion  alone  (HA) . The  role  of 
prostaglandin  (PG)  in  a response  to  voliane  expansion  will  be  tested  by  inhibiting 

PG  synthesis  with  IV  Indomethacin  2rogAg  body  weight. 

25.  (U)  75  07  - 76  09  The  study  was  designed  to  observe  animals  response  to  RL  and 
HA  before  and  after  PG  inhibition.  Ihe  data  show  no  effect  of  PG  inhibition  on 
baseline  studies  and  in  no  way  alter  the  response  to  volume  expansion  with  either  RL 

jor  HA. 
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Isotonic  volume  expansion  in  man  and  animals  results  in  slight  changes 
in  glomerular  flltrat!on  rate  (GFR)  and  renal  blood  flow,  but  dramatically 
increases  urinary  sodium  excretion  and  fractional  excretion  of  sodium 
(FEn-)  • The  factors  leading  to  this  response  remain  unclear.  Physical 
Victors  (Starling  forces)  may  account  for  the  response  by  increasing  the 
proximal  tubular  backleak  of  sodium.  The  concept  of  a hormonal  factor 
which  may  be  natriuretic  (III  factor)  arose  from  work  of  De  Wardner  in 
which  cross  perfused  dogs  receiving  blood  from  volume  expanded  animats 
underwent  natriuresis  despite  the  fact  that  they  themselves  were  not  volume 
expanded.  The  character  and  mechanisms  of  release  of  this  factor  remained 
to  be  defined.  Work  from  this  laboratory  and  ethers  has  shown  prostaglandins 
E (PGE)  to  have  natriuretic  properties  when  infused  into  the  renal  artery. 

This  effect  seems  to  be  mediated  by  vasodilation,  as  filtration  decreases 
and  proximal  tubular  reabsorption  of  sodium,  glucose,  and  bicarbonate 
are  decreased.  The  physiologic  singificance  of  intra-arterial  infusions  of 
PGE  have  been  challenged  due  to  the  low  levels  of  PGE  in  the  circulation  and 
its  site  of  synthesis  has  resulted  in  increased  urinary  sodium.  To  further 
test  the  role  of  PG  in  renal  auto-regulation,  PG  synthesis  was  inhibited  by 
Indomethacin.  To  observe  the  role  of  PGE  in  volume  expansion  Rir  "^r's 
Lactate  (RL)  was  used.  Further  studies  were  performed  with  hyperoncotic 
albumin  (HA)  to  observe  any  variation  in  PG's  role  in  the  presence  of 
interstitial  volume  contraction  which  results  with  hyperoncotic  albumin. 
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TO  DETERMINE  THE  ROLE  OF  THE  PROSTAGLANDINS  IN  THE  RESPONSE  TO 
VOLUME  EXPANSION  IN  THE  DOG  - A MODEL  OF  CHANGES  IN  INJURED  TROOPS 


Isotonic  volume  expansion  in  man  and  animals  results  in  slight  changes  in 
glomerular  filtration  rate  (GFR)  and  renal  blood  flow,  but  a dramatic  increase 
in  urinary  sodium  excretion  and  fractional  excretion  of  sodium  (FE^  ) . The 
factors  leading  to  this  response  remain  unclear.  Physical  factors  vS^arling 
Forces)  may  account  for  the  response  by  increasing  the  proximal  tubular 
backleak  of  sodium.  The  concept  of  a hormonal  factor  which  may  be  natri- 
uretic (III  Factor)  ardse  from  work  of  De  War-dner  in  which  cross  perfused 
dogs  receiving  blood  from  volume  expanded  animals  underwent  natriuresis 
despite  the  fact  that  they  themselves  were  not  volume  expanded . The  char- 
acter and  mechanisms  of  release  of  this  factor  remained  to  be  defined.  Work 
from  this  laboratory  and  others  has  shown  prostaglandins  E (PGE)  to  have 
natriuretic  properties  when  infused  into  the  renal  artery  (1,2,3) . This  effect 
seems  to  be  mediated  by  vasodilation,  as  filtration  fraction  decreases  and 
proximal  tubular  reabsorption  of  sodium  glucose,  and  bicarbonate  are  de- 
creased. The  physiologic  significance  of  intra-arterial  infusions  of  PGE  have 
been  challenged  due  to  the  low  levels  of  PG  in  the  circulation  and  its  site 
of  synthesis  being  in  the  renal  medulla.  Infusion  of  arachidonic  acid  (immediate 
precursor  of  PGE  in  the  kidney)  into  the  renal  artery,  indirectly  increasing 
renal  PG  synthesis  have  resulted  in  increased  urinary  sodium.  To  further  test 
the  role  of  PG  in  renal  auto-regulation,  PG  synthesis  was  inhibited  by  indo- 
methacin.  To  observe  the  role  of  PGE  in  volume  expansion  Ringer's  lactate 
(RL)  was  used.  Further  studies  Were  performed  with  hyperoncotic  albumin 
(HA)  to  observe  any  variation  in  PG's  role  in  the  presence  of  interstitial  volume 
contraction  which  results  with  hyperoncotic  albumin. 

METHODS 

Studies  were  performed  in  the  Metabolic  Branch,  USAISR.  Mongrel  dogs 
weighing  between  8 and  20  kilograms  were  utilized.  The  animals  were 
given  nothing  by  mouth  after  6 pm  of  the  day  prior  to  surgery.  The  animals 
were  anesthetized  with  sodium  pentothal  and  respirations  were  maintained 
by  a Byrd  respirator.  Supplemental  doses  of  sodium  pentothal  were  given 
as  needed.  Femoral  vessels  were  isolated  for  monitoring  arterial  pressure, 
blood  sampling,  and  intravenous  infusions.  Both  ureters  were  isolated 
through  a small  suprapubic  incision.  In  a few  animals,  a left  flank  incision 


1.  Martinez-Maldanado  M,  Tsparas  N,  Eknoyan  G,  Suki  W;  Renal  actions 
of  prostaglandins;  Comparison  with  acetylcholine  and  volume  expansion.  Am 
J Physio  222:  1147,  1972, 

2.  Johnston  H,  Herzog  J,  Lauler  D:  Effect  of  prostaglandin  E-,  on  renal 
hemodynamics  sodium  and  water  excretion.  Am  J Physio  213:  939,  1967. 

3.  Cross  J,  Barlter  F:  Effects  of  prostaglandins  E.,  A and  F x on  renal 
handling  of  salt  and  water.  Am  J Physio  225:  218,  1973. 
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was  utilized  to  isolate  the  renal  vein  for  determinations  of  para-aminohippurate 
(PAH)  extraction. 


all  animals  were  given  20  to  40  mi/kg  5%  Dextrose  in  water  intravenously 
in  order  to  establish  a water  diuresis  during  control  periods.  All  urine  out- 
put was  replaced  with  5%  Dextrose  in  water.  Loading  doses  of  Inulin  IS  mg/Kg 
and  PAH  8 mg/Kg  were  given  and  infusion  of  Inulin  and  PAH  was  started.  The 
animal  was  allowed  30  minutes  to  recover  from  surgery  and  then  baseline  con- 
trol periods  of  10  to  15  minutes  each  were  perform^. 


After  the  control  periods,  the  animals  were  treated  in  the  following  manner: 

Group  I - Ringer's  lactate  alone  - 7.6%  body  weight  volume  expansion 

Croup  II  - Indomethacin  2 mg/Kg  body  weight 

Group  III  - Hyperoncotic  albumin  - 6.5  ml/Kg  body  weight 

The  response  was  then  observed,  measuring  clearance  of  Inulin,  clearance  of 
PAH,  urinary  sodium  excretion,  fraction.^1  excretion  of  sodium,  osmolar 
clearance,  clearance  of  free  water,  blood  pressure  and  hematocrit.  In  addi- 
tion to  the  above  data,  serum  and  urinary  calcium,  phosphorus,  potassium, 
and  chloride  were  obtained.  After  the  response  was  observed,  the  following 
was  done  to  each  animal  group: 


Croup  I - Indomethacin  2 mg/Kg  IV 

Croup  II  - Sub  group  A - Ringer's  lactate  7.5%  body  weight 
Sub  group  B - Hyperoncotic  albumin  6.5  ml/  Kg 
Croup  III  - Indomethacin  2 mg/kg  IV 


Repeat  data  was  collected  for  comparison  with  the  previous  data  for 
clearance  of  Inulin,  clearance  Cp^^,  urinary  sodium  excretlon(  Uj^gV) 

fractional  excretion  of  sodium,(FEj^g)  cleararice  of  Osmoles,  free 

water  clearance,  (Cu  «)<  blood  pressure  and  hematocrit.  In  addition,  2 

to  three  animals  were  used  as  controls  for  both  Ringer's  lactate  volume 
expansion  and  hyperoncotic  albumin  expansion,  and  received  no  Indomethacin 


LABORATORY  METHODS 


Laboratory  tests  were  performed  in  the  Biochemistry  Laboratory  of  the 
Institute  of  Surgical  Research.  All  tests  were  performed  on  both  serum  and 
urine  utilizing  the  following  techniques.  Sodium  and  potassium  were  done 
under  routine  techniques  on  the  fiamephotometer . Chloride  determinations 
were  performed  on  the  Buchler-Cotlove  chloridimeter  utilizing  standard  tech- 
niques. Serum  and  urine  values  for  Inulin,  PAH,  calcium,  phosphorus,  creat 
inine,  and  blood  urea  nitrogen  were  all  performed  on  the  autoanalyzer  using 
adaptation  of  standard  methods.. 


316 


These  techniques  were  modified  by  the  personnel  of  the  institute  of  Surgical 

Research  Laboratory  for  utilization  in  this  study.  Calculations  of  urinary 

sodium  excretion  using  urine  sodium  concentration  and  volume  as  well  as 

fractional  excretion  of  sodium  utilizing  urinary  sodium  excretion  and  glomerular 

filtration  rate  as  estimated  by  the  clearance  of  Inulin  were  all  performed  utilizing 

standard  physiologic  formulas.  Clearance  data  for  osmolality  and  the  calculations 

of  free  water  clearance  were  made  using  the  formula  V = C^„  + Cu  «• 

^ osm  H2'-) 

All  studies  utilizing  Indomethacin  were  performed  30  minutes  after  the  intra- 
venous dosage  was  administered  (4) . 

The  animals  were  sacrificed  at  the  end  of  the  study. 

The  data  represents  single  observations  in  each  animal  in  each  condition 
studied.  Paired  T analysis  was  performed  on  these  data.  Mean  and  standard 
deviations  of  each  group  were  determined  for  the  purposes  of  comparison. 

RESULTS 


Results  from  animlas  in  Group  I receiving  7.5%  body  weight  volume  expan- 
sion with  RL  are  in  Table  I.  Following  volume  expansion  there  were  signifi- 
cant increases  in  urine  flow,  ^osm'  O’  Indomethacin 

was  given  there  were  no  charges  in  any  of  these  parameters. 

Group  II  animals  were  given  2 mg/kg  Indomethacin.  There  was  no  change 

In  any  parameter  (Table  I) . Following  the  Indomethacin,  Croup  IIA  received  7.5'o 

body  weight  volume  expansion  with  RL.  There  was  significant  change  in  urine 

flow,  FE.,  , and  Cp  ^ with  slight  but  not  significant  increases  in  C (Table  II) 
IN3  112^  ’ osm 

The  changes  were  similar  to  those  of  Croup  I.  Croup  MB  received  65ml/kg  I A 
volume  expansion  following  the  Indomethacin  (Table  III) .,  These  animals  also 
showed  no  change  in  any  parameter  following  Indomethacin.  After  HA  there  were 
significant  increase  in  urine  flow.  and  q.  These  changes  were  similar 

to  Group  III  animals.  Croup  III  animals  received  6.5ml/rg  HA  (Table  IV).  The 
HA  resulted  In  significant  increase  in  urine  flow  and  Cj^  q yet  no  significant 

increase  in  Indomethacin  resulted  in  no  change  in  any  parameter  other 

than  slight  decrease  in  FEj^^  (p  = 05) . 


4.  Vane  JR:  Inhibition  of  prostaglandin  synthesis  as  a mechanism  of 
action  for  aspirin-like  drugs.  Nature  iNew  Biology)  231:  232,  1971. 
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COMMENTS 


Volume  expansion  with  Ringer’s  lactate  results  in  both  interstitial  as  well 
as  intravascular  volume  expansion.  Our  data  suggest  that  prostaglandin  inhibi- 
tion results  in  no  charge  from  control  period  data  and  does  no  affect  response 
to  7.5%  body  weight  volume  expansion  with  Ringer's  lactate.  This  lack  of  , 
response  was  observed  both  before  volume  expansion  and  30  to  45  minutes  after 
volume  expansion.  This  observation  has  aiso  been  made  by  Kirschenbaum 
etal  (5). 

Further  studies  in  unanesthetized  animals  suggest  that  prostaglandin 
inhibition  leads  to  a natriuresis  (6) . This  observation  is  contrary  to  previous 
observations  in  anesthetized  animals  and  may  be  important.  Sonnenburg  and 
Stein  have  suggested  that  since  prostaglandins  are  synthetized  in  the  medulla 
of  the  kidney,  they  may  act  locally  (6,7) . This  eliminates  the  need  to  postulate 
a circulating  hormone  like  effect  of  the  prostaglandins.  The  theory  can  be 
stated  that  interstitial  volume  contraction  ieads  to  an  increase  in  prostaglandin 
synthesis  thus,  increasing  collecting  duct  sodium  reabsorption.  In  interstitial 
expansion,  the  opposite  would  occur. 

Puring  volume  expansion  with  hyperoncotic  albumin,  simiiar  degrees  of 
intravascular  volume  expansion  (judged  by  plasma  volume  measurements  and 
changes  in  hematocrit)  do  not  result  in  comparable  natriuresis  as  with  Ringer's 
lactate.  (8,9)  The  lesser  natriuresis  is  seen  despite  an  increase  in  volume  in 
urine  and  an  increase  in  free  water  clearance  suggesting  similar  distal  delivery 
of  sodium.  Hyperoncotic  albumin  results  in  interstitial  volume  contraction.  Thus, 
prostaglandin  synthesis  could  be  stimulated  and  distal  tubule  or  collecting  duct 
sodium  reabsorption  increased  to  explain  the  observation  of  a lesser  degree  of 
natriuresis.  The  present  data  show  no  change  in  fractional  excretion  of  sodium, 
urinary  sodium  excretion,  free  water  clearance,  or  osmolar  clearance  when 
prostaglandin  inhibition  was  performed  both  prior  to  volume  expansion  as  well 
as  after  volume  expansion.  These  studies  were  oerformed  in  anesthetized  animals 
to  confirm  these  observations.  The  role  of  renal  prostaglandin  in  renal  auto- 
regulation  is  still  unclear.  Further  testing  needs  to  be  performed  utilizing 
anatagonists  and  blockers  of  prostaglandin  synthesis  other  than  Indomethacin. 


5.  Kirschenbaum  M,  Stein  J:  The  effect  of  inhibition  of  prostaglandin  synthe- 
sis on  urinary  sodium  excretion  in  the  conscious  dog.  JCI  57:  517,  1976. 

6.  Stein  J,  Kirschenbaum  M,  Bay  W,  Osgood  R,  FenisT:  Role  of  collecting 
duct  in  the  regulation  of  sodium  balance.  Cir  Res  Supp  36  6 37,  1-1 19,  1975. 

7.  Scnnenburg  H:  Renal  response  to  blood  volume  expansion:  Distal  tubular 
function  and  urinary  excretion.  Am  J Physio  223:  916,  1972. 

8.  Levy  M,  Levinsky  N:  Proximal  reabsorption  and  intrarenal  pressure 
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23.  (U)  To  establish  a model  of  Gentamicin  nephrotoxicity  simulating  a cause  of 
renal  failure  in  injured  soldiers. 

24.  (U)  New  Zealand  white  rabbits  will  be  utilized  and  given  daily  IM  injections  of 
Gentamicir,  to  observe  for  two  weeks  whether  .nephrotoxicity  can  be  established. 

25.  (U)  75  07  - 76  09  New  Zealand  white  rabbits  maintained  on  regular  diets  and 
receiving  40mg/kg  and  80  mgAg  IM  Gentamicin  suffered  no  ill  effects  and  maintained 
stable  serum  electrolytes  during  two  week  study  period.  An  additional  study  comparing 
effect  of  changing  drinking  water  to  NH^Cl  or  NACl  and  again  followed  for  two  weeks 
showed  no  effects, other  than  mild  decrease  serum  bicarbonate.  New' Zealand  white 
rabbits  tolerate  massive  doses  of  Gentamicin  nephrotoxic.  /.  Thus,  study  of  acute 
renal  failure  in  this  animal  is  not  practical. 
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The  clinical  observation  of  Gentamicin  nephrotoxicity  is  well  established. 
Patients  receiving  Gentamicin  may  experience  transient  renal  insufficiency  or 
frank  renal  failure.  In  the  burn  soldier,  with  a high  risk  of  systemic  infection. 
Gentamicin  is  a commonly  used  antibiotic.  In  an  effort  to  further  study  the  patho- 
genesis of  Gentamicin  nephrotoxic  renal  failure,  an  attempt  was  made  to  create 
an  animal  model.  Previous  studies  utilizing  the  rat  have  been  reported.  The 
New  Zealand  white  rabbit  was  chosen  for  the  present  investigation  beicause  of  the 
larger  size  animal  and  the  observation  of  high  levels  of  circulating  prostaglandins 
E and  A (personal  observation) . 

The  observation  of  renal  failure  associated  with  aminoglycoside  antibiotics 
is  common,  yet  the  mechanisms  are  not  clear.  The  drlig  is  filtered  and  re- 
absorbed in  proximal  and  distal  tubules.  It  is  thought  that  renal  failure  results 
from  the  concentration  of  drugs  in  the  tubular  cell  since  volume  depletion  seems 
to  increase  reabsorption  and  thus  predispose  to  renal  failure.  The  rabbit  model 
was  proposed  to  evaluate  the  pathogenesis  of  renal  failure  associated  with 
Gentamicin.  Massive  doses  were  utilized  (10  to  20  times  therapeutic  dosage)  to 
insure  hi^h  dose  exposure.  Blood  levels  were  measured  at  4 to  8 hours  and  found 
to  be  in  the  20  to  40  ug  mg/ml  range  sliowing  adequate  absorption  of  the  intra- 
muscular injections.  It  is  concluded  that  the  rabbit  is  not  a practical  animal 
model  to  investigate  Gentamicin  induced  renal  failure,  since  it  has  not  been 
possible  to  induce  even  modest  renal  imp'  .rment  in  this  species.  The  mech- 
anisms of  handling  of  Gentamicin  in  the  rabbit  kidney  were  not  investigated,  but 
may  be  of  interest  in  future  investigations. 
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23.  (U)  To  assess  the  role  of  calcium  in  the  stimulation  of  the  renin  angiotensin 
system  as  related  to  hypertension  in  military  personnel. 

24.  (U)  A series  of  dogs  will  be  studied  as  the  experimental  model.  Various 
concentrations  of  calcium  will  be  infused  directly  into  the  renal  artery,  and  the 
production  of  renin  angiotensin  will  be  measured  1 / direct  cannulation  of  the  renal 
vein.  The  contralateral  kidney  will  remain  uni  ifused  and  will  serve  as  a control. 

25.  (U)  75  07  - 76  09  The  experience  with  the  lightly  anesthetized  animal  model  in 
investigating  the  effect  of  calcium  on  the  renin  angiotensin  system  does  not  allow 
firm  conclusions  to  be  drawn.  Because  the  amount  of  preparatory  surgery  in  this  animal 
model  is  considerable,  it  has  been  impossible  to  stabilize  the  animal  within  a 
reasonable  period  of  time  for  the  experimental  protocol.  The  glomerular  filtration 
rate  and  renal  blood  flow  have  varied  considerably  within  the  control  period  and  the 
results  obtained  could  easily  be  explained  by  the  instability  of  the  animal  during  the 
immediate  post  operative  period  rather  than  by  the  effects  of  calcium  infusion.  The 
trend  of  renal  research  is  now  directed  toward  the  study  of  the  awake  intact  animal. 

We  have  returned  to  the  difficult  problem  of  creating  a suitable  intact  animal  model. 
Using  newer  techniques  for  protecting  the  kidneys  during  prolonged  surgery  and 
utilizing  custom  designed  silastic  catheters  and  fittings,  some  early  success  has  been 
achieved  in  the  creation  of  the  awake  intact  dog  model.  It  is  to  be  emphasized  that 
the  time  spent  on  the  creation  of  the  dog  model  is  necessary  and  important  since  it 
will  represent  an  important  advance  in  future  renal  studies.-  It  is  anticipated  that 
this  model  will  form  the  basis  of  future  experimentation  from  this  laboratory. 
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The  experience  with  the  lightly  anesthetized  animal  model  in  investigating 
the  effect  of  calcium  on  the  renin  angiotensin  system  does  not  allow  firm  con- 
clusions to  be  drawn.  Because  the  amount  of  preparatory  surgery  in  this 
animal  model  is  considerable,  it  has  been  impossible  to  stablize  the  animal 
whithin  a reasonable  period  of  time  for  the  experimental  protocol . The  glomer- 
ular filtration  rate  and  renal  blood  flow  have  varied  considerable  within  the 
control  period  and  the  results  obtained  couici  easily  be  explained  by  the  in- 
stability of  the  animal  during  the  immediate  postoperative  period  rather  than 
by  the  effects  of  calcium  infusion.  In  addition  it  is  clear  from  the  recent  Neph- 
rology literature  that  many  of  the  assumptions  classically  made  concerning 
experiments  in  the  anesthetized  dog  bear  little  physiologic  significance.  The 
trend  of  renal  research  is  now  directed  toward  the  stucy  of  the  awake  intact 
animal.  We  have  returned  to  the  difficult  problem  of  cr  mating  a sui talkie  intact 
animal  model  which  will  be  suitable  for  sophisticated  experimenfs  involved 
In  this  prot(x:ol  and  others  to  follow.  Because  of  the  requirement  of  multiple 
vessel  cannulation  as  well  as  exteriorizing  ureters,  other  extent  models  will 
not  suffice.  Using  newer  techniques  for  protecting  the  kidneys  during  pro- 
longed surgery  and  interruption  of  blood  flow  based  on  successes  in  the  field 
of  transplantation  and  utilizing  custom  designed  silastic  catheters  and  fittings, 
some  early  success  has  been  achieved  in  the  creation  of  an  awake  intact  dog 
model.  It  is  anticipated  that  a successful  model  will  be  developed  within  the 
next  few  months  which  will  enable  the  completion  of  this  protocol . It  is  to  be 
emphasized  that  the  time  spent  on  the  creation  of  the  dog  model  is  necessary 
and  important  since  it  will  represent  an  important  advance  in  future  renal 
studies.  It  is  anticipated  that  this  model  will  form  the  basis  cf  future  exper- 
imentation from  this  laboratory. 
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23.  (0)  Central  venous  catheters  have  long  been  implicated  in  contributing  to  systemic 
sepsis  in  hospitalized  patients.  This  problem  is  especially  critical  in  the  thermally 
injured  soldiers  since  infection  is  the  principal  cause  of  morbidity  and  mortality  in 
this  patient  population.  As  the  trauma  patient  is  usually  unstable  emd/or  requires  pro- 
longed intravenous  therapy  for  parenteral  hyperalimentation  and  drug  therapy,  and  any 
maneuver  that  would  decrease  the  duration  of  intravenous  catheter  placement  might  well 
reduce  the  morbidity  and  mortality  in  these  patients.  Usually  a central  catheter  is  not 
required  except  for  pressure  monitoring  and  therefore  a convenient  peripheral  access  sit« 
would  be  desirable;  hov/ever,  in  patients  with  massive  burns  peripheral  sites  cure  scarce 
and  often  short-lived.  Creation  of  an  artificial  arterial-venous  shunt  in  an  extremity 
might  well  provide  a more  durable  access  which  could  be  used  not  only  for  drug  therapy 
and  parenteral  alimentation  but  also  for  recurrent  diagnostic  blood  sampling. 

24.  (U)  Patients  with  burns  ranging  from  30-60%  will  be  entered  into  this  study.  The 
patients  will  be  assigned  alternately  to  the  study  or  control  group.  Those  in  the 
experimental  group  will  have  placed  a peripheral  lyophilized  venous  homograft  within  48 
hours  of  injury.  A careful  tabulation  will  be  made  in  both  groups  of  all  complications 
of  intravenous  therapy.  In  the  event  of  death  all  peripheral  sites  that  have  been 
cannulated  will  be  inspected  for  evidence  of  infection  or  thrombosis,  and  evidence  for 
systemic  infection  as  a principal  cause  of  death  will  be  accessed  by  the  pathologist. 

25.  (U)  75  12  - 76  09  To  date,  two  burn  patients  requiring  prolong  intravenous 

alimentation  have  had  lyophilized  cadavar  allograft  veins  inserted  as  AV  fistulae.  In 
one  patient  graft  sepsis  necessitated  removal  two  weeks  post  insertion.  The  other  graft 
remained  patent  and  free  of  sepsis  and  was  ligated  at  the  time  of  the  patients  discharge 
Appropriate  candidates  are  deemed  to  be  rare  even  though  the  technic  has  been  shown  to 
be  feasible. 
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Central  venous  catheters  have  long  been  implicated  in  contributing  to 
systemic  sepsis  in  hospHalized  patients.  This  problem  is  especially  critical 
in  the  thermally  injured  patient  since  infection  is  the  principal  cause  of  morbid- 
ity and  mokiality  in  this  patient  population . It  was  for  this  reason  that  this 
Investigation  was  initiated. 

To  date  two  burn  patients  requiring  prolonged  intravenous  alimentation 
have  had  lyophilized  cadaver  allc^raft  veins  inserted  as  A-V  fistula.  In  one 
patient  graft  sepsis  necessitated  removal  2 weeks  post  insertion.  The  other 
graft  remained  patent  and  free  of  sepsis  and  was  ligated  at  the  time  of  the  pa- 
tients discharge.  Appropriate  candidates  are  deemed  to  be  rare  even  though 
the  technic  has  been  shown  to  be  feasible. 

In  the  ~'0st  eight  months  that  the  protocol  has  been  in  effect  no  further  pa- 
tients have  been  entered,  it  is  the  Judgement  of  the  primary  physicians  caring 
for  the  patients  that  suitable  patients  for  this  protocol  will  be  few  and  there- 
fore the  study  cannot  l>3  succcissfully  concluded.  As  the  input  of  patients  into 
this  study  has  been  negiigible,  it  is  the  feeling  of  the  principal  investigator 
that  this  study  cannot  be  concluded  within  any  reasonable  time  span  utilizing 
this  patient  population,  so  the  protocol  is  therefore  terminated  with  no  patients 
studied  except  for  the  two  mentioned  above. 
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23.  (U)  To  determine  if  a predictable  relationship  exists  between  arterial  p02  and 
tissue  oxygen  tension  as  measured  by  an  indwelling  oxygen  electrode.  If  such  a 
relationship  exists  in  normal  man  then  tissue  oxygen  tension  may  be  a useful  measure 
of  peripheral  perfusion  in  injured  soldiers. 

24.  (U)  Participants  in  this  study  will  be  members  of  the  physician  staff  of  the  ISR. 
Detailed  informed  consent  will  be  obtained.  An  oxygen  electrode  will  be  placed  in  the 
subcutaneous  tissue  in  the  muscle  tissue  of  one  arm  and  an  indwelling  arterial  line 
will  be  placed  in  the  brachial  or  radial  artery  of  the  other  arm.  Using  the  Ohio 
anesthesia  apparatus  F102  of  30  to  100%  will  be  administered.  Arterial  p02  and  tissue 
p02  will  be  simultaneously  determined  at  each  level  of  F102. 


25.  (U)  76  01  - 76  09  Five  normal  adults  have  been  studied.  In  each  subject  there 

is  a linear  relationship  between  arterial  p02  and  tissue  oxygen  tension.  The  slope 
of  this  line  varies  between  subjects.  There  thus  appears  to  be  a range  of  normal. 
The  shape  of  the  curve  suggests  a relationship  to  age,  physical  conditioning  and 
smoking  history. 
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It  Is  now  possible  to  measure  tissue  oxygen  levels  with  an 
lndw«»rilng  oxygen  electrode  which  gives  an  Instantaneous  readout  of 
tissue  oxygen  tension.  , It  Is  likely  that  tissue  oxygen  tension  is 
a function  of  blood  flow  in  the  area  that  is  being  evaluated.  If 
such  a relationship  exists,  tissue  oxygen  tension  can  be  used  as  an 
Index  of  tissue  perfusion  during  resuscitation  of  thermally  Injured 
soldiers. 

Tissue  oxygen  levels  vary  with  blood  oxygen  levels  Cp02) . 

Since  p02  varies  from  patient  to  patient  within  a predictable  range. 
It  Is  Important  to  know  if  a predictable,  linear  relationship  exists 
between  p02  and  tissue  oxygen.  The  useful  data  pol.it  in  any  study 
of  peripheral  perfusion  would  thus  be  the  difference  between  p02 
and  tissue  oxygen  levels  with  a larger  disparity  expected  when  the 
area  under  investigation  is  receiving  less  blood  flow. 

The  purpose  of  this  study  i«5  to  determine  if  a predictable 
reUtlonshIp  exists  between  p02  d tissue  oxygen  as  measured  by 
an  Indwelling  oxygen  electrode.  Six  normal  human  subjects  were 
studied  with  a narrow  gauge  oxygen  electrode  (1.2  French,  0.16 
(nchl  placed  percutaneous ly  in  the  rectus  femorts  muscle.  The 
electrode  |s  attached  to  a Ught-welght  meter  (International  Blo-> 
physics  Cooperation).  Simultaneous  tissue  oxygen  and  blood  p02 
measure^nents  were  made  while  Inspired  oxygen  was  varied  between 
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room  atr  and  100%.  There  v\tas  a wide  range  of  p0£  and  «nusc1e  O2  at 
htgh  levels  cf  inspired  O2.  At  p02  of  100  to  200,.  a plot  of  p02 
against  muscle  O2  vt^as  linear  and  there  was  less  variatibn  from 
suBJect  to  subject.  This  is  the  range  of  p02  at  wfitcK  most 
trauma  subjects  will  be  studied.  This  system  may  thus  prove  to 
be  a useful  tool  in  the  study  of  resuscitation  of  thermally 
injured  soldiers. 
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23.  (u)  To  determine  if  servmi  pepsinogen  levels  are  a reliable  predictor  of 

. gastroduodenal  disease  following  burn  injury  in  soldiers. 


24.  (U)  The  method  Involved  is  saxqpllng  serun  at  regular  intervals,  and  measuring 
the  pepsinogen  levels  to  determine  trends  and  correlate  this  with  clinical  evidenow  of 
gastroduodenal  disease  in  the  bum  patient. 

25.  (U)  76  03  - 76  09  Eleven  patients  have  been  studied  in  pilot  project. 

Although  no  definitive  conclusion  can  be  reached  with  such  small  numbers,  tw<)  patients  j 
clearly  showed  elevation  of  the  serimi  pepsinogen  as  analysed  by  radioismunoassay  prior 
to  gastrointestinal  hemorrhage.  The  second  phase  of  this  study  will  be  to  correlate 
the  serum  pepsinogen  levels  with  endoscopic  findings. 
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Little  attention  has  been  directed  to  pepsin  as  an  etiologic  fac^ 
tor  in  ulcerative  disease  of  the  stomach  and  duodenum  following  thermal 
Injury.  Pepsin  Is  a proteolytic  enzyme  that  Is  forired  from  the  cleavage 
of  Its  precursor,  pepsinogen.  Its  cells  of  origin  are  the  chief  cell 
and  mucous  neck  cell  In  the  stomach.  Pepsinogen  Is  a proteolytic  enzyme 
which  attacks  soluble  native  proteins  and  Is  therefore  an  endopeptldase. 
Previous  studies  In  duodenal  ulcer  disease  and  other  diseases  of  the 
Intestine  have  shown  pepsinogen  to  Increase  prior  to  a gastrointestinal 
hemorrhage. 

This  study  proposes  to  analyze  serum  pepsinogen  levels  and  evalu- 
ate as  a predictor  of  gastrointestinal  erosion  and  ulceration  following 
thermal  Injury. 


Thermal  Injury 
Burns 

Stress  ulceration 
Hemorrhagic  gastritis 
Pepsinogen 
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SERUM  PEPShMOSEH  LEVELS  (N  THE  THERMALLY  WJURED  PATIENT; 
A POSShBLE  PREDtCTtON  OF  QASTRODUODENAL  0(SEASE 


Ltttle  attentfon  has  been  gtven  pepstn  as  an  etlologtc  factor  In 
uIceratTve  dtsease  of  the  stomach  and  duodenum.  Pepstn,  a proteolytic 
enzyme,  attacks  soluble  native  proteins  within  the  molecule  and  Is 
therefore  an  endopeptldase.  It  Is  present  In  Its  cells  of  origin,  the 
chief  cell  and  mucous  neck  celts,  as  a zymogen  precursor  catted  pep- 
sinogen. Other  unidentified  celts  also  contain  pepsinogens.  A leakage 
of  digestive  enzymes  Into  the  blood  stream  Is  a common  occurrence  and 
can  be  used,  for  Instance,  In  detecting  diseases  of  the  pancreas, 
utilizing  the  serum  tlpase  and  amylase.  How  pepsinogens  gain  access 
to  the  circulation  Is  unknown;  serum  levels  have  been  shown  to  reflect 
the  secretory  activity  and  morphologic  status  of  mucosa  and  have  been 
helpful  In  the  diagnosis  of  pernicious  anemia,  duodenal  ulcer,  and 
gastric  cancer. 

Pepsinogens  are  separated  by  Immunochemical  methods  Into  two 
groups:  PGI  and  PGIl.  The  two  groups  differ  In  mucosal  distribution 
and  cellular  origins.  Both  groups  are  found  In  the  fundlc  mucosa. 

The  purpose  of  this  study  Is  to  analyze  the  predictive  value  of 
the  stomach  enzyme  precursor,  pepsinogen,  as  an  Indicator  of  gastro- 
intestinal hemc^rrhage  resulting  from  stress  erosions  and  ulceration 
following  thermal  Injury, 

Results 

Eleven  patients  with  a greater  than  30^  total  body  surface  burn 
were  Included  In  a pilot  study.  The  serum  pepsinogen  levels  were 
measured  dally  for  seven  days,  then  every  other  day  for  the  next 
seven  days,  and,  finally,  at  weekly  Intervals  for  the  next  six  weeks. 
The  samples  were  submitted  to  Dr.  Samloff's  laboratory  for  analysis, 
utilizing  a competitive  binding  double  antibody  radioimmunoassay. 

Of  the  II  patients  In  the  pilot  study,  two  patients  demonstrated 
abnormally  elevated  serum  pepsinogen  levels,  one  of  which  was  associ- 
ated with  a gastrointestinal  hemorrhage.  The  remaining  patients 
demonstrated  essentially  normal  levels. 

No  specific  conclusions  can  be  drawn  as  to  the  reliability  of  the 
serum  pepsinogen  In  reflecting  morphology  of  the  gastric  mucosa;  how- 
ever studies  correlating  the  serum  pepsinogen  level  and  endoscopic 
appearance  of  the  stomach  and  duodenum  will  be  performed  In  the  future. 

PRESENTATIONS  AND  PUBLICATIONS 

None. 
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23.  (U)  To  determine  the  nature  of  the  bacterial  flora  of  the  stomach  and  small 
intestine  following  burn  injury  in  soldiers. 

24.  (U)  A long  intestinal  tube  will  be  inserted  through  the  nose  and  bacterial  sample: 
will  be  obtained  from  the  stomach  emd  small  bowel  and  submitted  for  culture  techj^igue. 

25.  (U)  76  03  - 76  09  Hyporootility  of  the  intestinal  tract  following  thermal  injury 
has  limited  the  technique  of  gastrointestinal  intubation.  Until  this  technique  has 
been  further  improved,  cultures  of  the  small  bowel  content  cannot  be  obtained  with 
reliability. 


AvMIsMe  le  cmiimcIm*  MMMI  >dA1A*><«  


rv^  ^OAH  1AQO  PAfVOUS  COiTlONt  OF  TH.f  F 

«A*  ANO  1 4»t  ' 1MAH««(FOAAAM 


I FOAM  AAK  Q990UCTI  DO  FOAM6  I4»»A  I NOV  •• 
AMV  U9t>  AAC  OMtOUCTC 


TERMlNATtON  REPORT 

PROJECT  NO.  3A16H02B71  P-02,  BASIC  RESEARCH  \H  SUPPORT  OF  MILtTARY 
MEDKINE  - SURGICAL  PATHOLOGY 

REPORT  TITLE;  ALTERATIONS  IN  THE  BACTERIAL  FLORA  OF  THE  STOMACH 
AND  UPPER  SMALL  INTESTINE  FOLLOWING  THERMAL  INJURY 
IN  A MILITARY  POPULATION 


US  ARMY  INSTITUTE  OF  SURGICAL  RESEARCH 
BROOKE  ARMY  MEDICAL  CENTER 
FORT  SAM  HOUSTON,  TEXAS  78234 

1 July  1975  “ 30  September  1976 

Investigators: 


David  K.  Teegarden,  M.D.,  Major,  MC 
William  S.  McDougal,  K.D. , Major,  MC 
Truman  M.  Sasaki,  M.D.,  Major,  MC 
Barry  L.  Davison,  M.S.,  Captain,  MSC 
Robert  B.  Llndberg,  Ph.D. 


Reports  Control  Symbol  ME0DH-288(R1) 
UnclassI fled 


342 


ABSTRACT 

PROJECT  NO.  3A1 611 02B71 P-02,  BASIC  RESEARCH  IN  SUPPORT  OF  MILITARY 

MEDICINE,  SURGICAL  PATHOLOGY 

REPORT  TITLE;  ALTERATIONS  IN  THE  BACTERIAL  FLORA  OF  THE  STOMACH 
AND  UPPER  SMALL  INTESTINE  FOLLOWING  THERMAL  INJURY 
IN  A MILITARY  POPULATION 

US  Army  Institute  of  Surgical  Research,  Brooke  Army  Medical  Center, 
Fort  Sam  Houston,  Texas  7823^ 

Period  covered  In  this  report:  1 July  1975  - 30  September  1976 

investigators:  David  K.  Teegarden,  M.D.,  Major,  MC 

Williams.  McDougal,  M.D.,  Major,  MC 
Truman  M.  Sasaki,  M.D.,  Major,  MC 
Barry  L.  Davison,  M.S.,  Captain,  MSC 
Robert  B.  Lindberg,  Ph.D. 
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The  role  of  the  bacterial  flora  of  the  small  Intestine  In  Infec- 
tion of  the  thermally  injured  soldier  has  previously  been  undefined. 
Bacteria  normally  coexist  In  a relationship  which  Is  mutually  bene- 
ficial to  both  the  bacteria  and  the  human.  Under  various  conditions, 
these  bacteria  may  proliferate  with  metabolic  and  infectious  sequelae. 
Experimental  studles'have  also  shown  that  bacteria  In  the  stomach  may 
predispose  to  the  development  of  stress  ulceration. 

This  study  proposes  to  Investigate  the  bacterial  flora  of  the 
stomach  and  small  Intestine  in  the  thermally  Injured  soldier. 


Thermal  Injury 
Infection 
Stress  ulceration 
Bacterial  flora 
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ALTERATtONS  tN  THE  BACTERIAL  FLORA  OF  THE  STOMACH  AND  UPPER  SMALL 
tNTES~hNE  FOLLOWING  THERMAL  INJURY  IH  A MILITARY  POPULATION 


Bacteria  are  normal  Inhabitants  In  certain  segments  of  the  human 
intestine.  They  normally  coexist  in  a relationship  mutually  beneficial 
to  both  organisms^  Under  normal  situations,  the  stomach  and  upper 
small  bowel  are  relatively  sterile  compared  to  the  distal  small  bowel 
and  colon,  where  luxuriant  growth  of  bacteria  Is  typical.  Altera- 
tions in  this  balance  between  Intestinal  bacteria  and  man  may  result 
in  adverse  metabolic,  biochemical,  and  infectious  sequelae,  it  is 
well  known  that  luxuriant  bacterial  growth  In  the  small  bowel  may 
result  in  malabsorption,  presumably  by  a deconjugation  of  bile  acids, 
rendering  intestinal  juice  with  a bile  acid  concentration  below  the 
critical  micellar  concentration.  This  occurs  primarily  under  con- 
ditions of  impaired  motility  and  stagnation  of  intraluminal  contents 
from  various  causes.  Intestinal  organisms  may  also  produce  sub- 
stances that  either  favor  or  inhibit  the  growth  of  other  organisms. 
Transfer  of  antibiotic  resistance  from  one  organism  to  another  Is  pro- 
moted by  proliferation  of  various  microbial  strains.  Bacteria  also 
occupy  a pivotal  role  in  absorption  of  folate  and  Vitamin  B-12. 

The  role  of  intestinal  bacterial  overgrowth  in  the  pathogenesis 
of  sepsis  has  not  been  established.  Endotoxin  of  intestinal  origin 
has  been  shown  to  be  etiological ly  Important  In  early  deaths  from 
large  burns  in  animal  studies.  It  can  be  postulated  that  hypo- 
perfusion of  splanchnic  organs  presumably  occurs  in  the  immediate 
postbun  period.  This  might  allow  proliferation  of  organisms  on  an 
Isv.iemic  mucosa  and  possibly  a port  of  entry  into  the  circulation. 

Following  injury,  patients  with  a total  body  surface  burn  of 
greater  than  30%  are  being  included  in  the  study.  A polyvinyl  intes- 
tinal tube  with  sampling  ports  is  employed  to  obtain  samples  from  the 
stomach  and  upper  small  bowel  near  the  ligament  of  Treitz.  Samples  of 
intestinal  juice  are  collected  within  72  hours  of  thermal  injury  and 
submitted  for  anaerobic  and  aerobic  cultures. 

Results 

To  date,  luxuriant  bacterial  growth  following  thermal  injury  has 
not  been  established.  A predominant  organism  has  not  appeared.  A 
variety  of  both  gram  negative  and  gram  positive  organisms,  as  well  as 
yeast,  have  been  recovered.  Although  the  colony  concentrations  are 
small,  Klebslel la  has  been  the  predominant  gram  negative  organism 
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recovered.  tn&ut*fUUnt  dat«  has  been  collected  to  reach  cone  I us  tons 
concerning  the  role  of.  the  bactertat  flora  of  the  stonaich  and  stMlI 
intestine  follo^itig  thermal  itiJurY> 

PUBUCATiONS  AND/OR  PRESENTATiONS 

None. 
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23.  (0)  It  is  proposed  to  compare  the  kinetics  of • disappearance  of  oral  phenylalanine 
and  tyrosine  loads  in  thermally  injured  septic  and  non-septic  soldiers,  versus  normal 
controls . 

24.  (U)  Normal  volunteers  and  septic  and  non-septic  thermally  injured  patients  with 
burns  >40%  of  their  total  body  surface  (who  have  established  normal  GI  function) , will 
be  asked  to  give  informed  consent  and  on  successive  days  after  6-hour  fasts  be 
administered  phenylalanine  (.IgAg/body  wt)  and  tyrosine  .05  gAg  body  weight.  Venous 
blood  samples  will  Le  drawn  at  time  0 for  basal  concentrations  of  serum  phenylalanine, 
tyrosine,  glucose,  and  liver  function  tests.  After  the  oral  load  of  amino  acids  the 
blood  will  be  drawn  at  hourly  intervals  for  6 hours  and  analyzed  for  tyrosine,  pheny- 
lalanine emd  glucose.  The  amino  acid  levels  will  be  measured  in  duplicate  by  specific 
fluroinetric  technics  and  on  the  amino  acid  analyser.  Rate  of  disappearance  of  the  3 
measured  substances  will  be  compared  between  normal,  burned  septic  and  burned 
non-septic  patients. 

25.  (U)  75  12  - 76  09  Phenylalanine  and  tyrosine  administer  d as  above  to  11  thermal! 
injured  patients  mean  burn  size  56%  range  40-85%  and  to  7 normals  mean  a^e  28.  In 
burn*d  patients  fasting  phenylalanine  levels  were  markedly  greater  than  normals 
1.77«*B  1.00=Norm.  but  rates  of  disappearance  of  phenylalanine  and  appearance  of 
tyrosine  arter  phenylalanine  load  were  the  same  in  m rmals  as  in  burns.  One  hour 
glucose  levels  were  however  increased  greater  in  burns.  Aglucose  burns  = 22A  glucose 
norm  ■ 4.  These  data  indicate  that  in  burns  peripheral  breakdown  of  phenylalanine 

and  its  flow  to  glucose  is  greater  than  normal.  Burns  tyrosine  tolerance  tests  were 
markedly  lower  than  normals.  They  were  comparable  to  tyrosine  tolerance  tests  of 
myxedematous  patients. 
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Previous  studies  at  this  institution  have  shown  all  serum  amino  acid 
levels  with  the  sole  exception  of  phenylalanine  to  be  decreased  in  thermally 
injured  patients.  This  study  investigated  abnormalities  in  phenylalanine 
and  tyrosine  metabolism  in  burned  individuals  from  the  7th  to  the  14th  post 
burn  day.  Seven  controls  were  compared  with  7 non-septic  patients  (*otal 
body  surface  burn  40  - 65%,  mean  49%)  and  with  5 septic  patients  (total  body 
surface  burn  40-60%,,  mean  50%) . Oral  loads  of  100  mg/kg  of  phenylalanine 
and  50  mg/kg  tyrosine  were  administered  to  all  subjects  on  separate  days. 
Phenylalanine  and  tyrosine  tolerance  curves  were  determined  from  hourly 
post  ingestion  blood  samples.  The  phenylalanine  flow  was  at  least  equal  to  that 
in  controls  in  the  non-septic  patients  and  was  significantly  (p^0.05)  increased 
in  the  septic  patients  indicating  that  an  increase  in  phenylalanine  level  in 
thermally  injured  patients  is  an  index  of  increased  peripheral  production  and 
not  due  to  decreased  metabolism.  Increases  in  serum  tyrosine  levels  in  response 
to  an  oral  load  were  markedly  lower  in  patients  than  in  controls  (p<0.01)  indi- 
cating a malabsorption  of  tyrosine  similar  to  that  observed  previously  in  myxe- 
dematous patients.  The  rate  of  tyrosine  disappearance  following  a phenylalanine 
load  was  increas.ed  in  the  non-septic  patients  relative  to  controls  (p<0.05) . 
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EVALUATION  OF  ALTERED  METABOLISM  OF 
PHENYLALANINE  AND  TYROSINE  IN  BURNED  PATIENTS 


Increased  basal  metabolic  rate,  protein  catabolism,  an(jl  weight  loss 
characterize  the  metabolic  response  to  major  thermal  injury.  Recent  evi-_ 
dence  indicates  that  catecholamines  mediate  this  hypermetabolic  response.^ 
Coodall  and  associates  first  demonstrated  that  indreased^urinary  excretion 
of  adremaline  and  noradrenaline  following  large  burns.  ^ The  urinary  excre- 
tion of  catecholamines  varies  with  t^e  degree  of  injury  and  is  related  to  the 
oxygen  consumption  of  thg  patient.^  Catecholamine  infusion  in  normal  man 
increases  metabolic  rate,^  and  combined  alpha  and  beta  adrenergic  blockade 
or  beta  adrenergic  blockade  alone  in  ^ group  of  thermally  injured  patients 
significantly  reduced  metabolic  rate.'^  Coodall  and  Haynes  demonstrated 
that  some  patients  with  extensiv^ thermal  injuries  have  depleted  adrenal 
medullary  catecholamine  stores.”  In  additional  studies,  Coodall  demonstrated 
an  increase  in  conversion  of  dopamine  to  norepinephrine  and  suggested  that 
dietary  supplements  of  catechol  procui^ors  be  added  to  the  patients'  diet  to 
insure  adequate  catecholamine  stores.  gA  recent  evaluation  of  serum  amino  acid 
levels  in  burn  patients  at  this  Institute”  demonstrated  a reduction  in  the  con- 
centrations of  all  essential  amino  acids  with  the  sole  exception  of  phenylalanine 
which  was  elevated.  Phenylalanine  is  a precursor  in  catecholamine  synthjesis 
and  the  phenylalanine  to  tyrosine  ratio  in  normal  man  is  approximately  1 
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This  ratio  in  burned  patients  is  elevated  to  approximately  1.6.;  Similar 
elevations  in  intracellular  phenylalanine  levels  have  been  observed  in  surgi- 
cally stressed  patients,  ^^nd  in  the  serum  levels  of  children  with  kwastiior- 
kor  and  malnutrition.,  ' tt  is  unknown  if  this  elevation  of  phenylalanine 
is  due  to  a block  of  its  conversion  in  the  liver  to  tyrosine  or  glucose,  or 
whether  it  is  secondary  to  increases  in  catabolsim  of  protein  in  the  periphery. 
This  study  was  designed  to  determine  whether  flow  of  phenylalanine  and 
tyrosine  is  abnormal  in  the  thermally  injured  patient.  This  information  may 
determine  whether  dietary  supplementation  with  these  catechol  precursors 
or  co-factors  of  their 'enzymes  would  increase  the  catecholamine  stores  there- 
by increasing  reserves  in  stressed, thermall/  injured. patients . 

BACKGROUND 

Phenylalanine  and  tyrosine  metabolism  have  been  extensively  studied 
because  in  phenylketonuria  there  is  a congenital  absence  of  the  enzym^ 
phenylalanine  hydroxylase  which  converts  phenylalanine  to  tyrosine. 
Evaluation  of  parents  of  homozygotes  for  this  recessive  disease  has  demon- 
strated that  conversion  of  pheny^lanine  to  tyros decreased  in  hetero- 
zygotes as  well  as  homozygotes.  Other  studies  ^ have  demonstrated 
that  serum  concentrations  of  phenylalanine  following  an  oral  load  of  phenyl- 
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alanine  ranging  from  0. 1 to  0.33  gm/kg/body  weight  are  increased  in  hetero- 
zygotes when^cot|^^e(^^to  the  curves  generated  in  normal  man.  Several 
investigators  ' ' ' have  followed  serum  tyrosine  levels  in  heterozy- 

gotes after  phenylalanine  loading  and  found  it  to  be  significantly  lower  than 
the  tyrosine  response  generated  from  the  same  phenylalanine  load  in  normal 
man.  Evaluation  of  these' individuals  using  intravenous  loading  technics  showed 
no  discriminative  improvement  with  intravenous  loading  compared  with  oral 
loading  tests^.  Phenylalanine  conversion  to  tyrosme  and  tyrosine  tolerance 
tests  are  also  abnormal  in  certain  liver  diseases.  ^ In  all  of  these  studies 
large  oral  loads  of  phenylalanine  and  tyrosine  were  given  to  a wide  variety  of 
patients.  This  study  analyzes  phenylalanine  and  tyrosine  metabolism  by 
similar  technics  in  thermally  injured  patients. 

MATERIALS  AND  METHODS 

Seven  control  subjects,  4 males,  3 females,  ages  23-34,  mean  age  28, 
all  with  no  past  history  of  liver  disease,  no  family  hisotry  of  phenylketonuria 
and  with  normal  liver  function  tests  at  the  time  of  the  study  were  compared 
with  5 septic  burn  patients  (defined  by  having  positive  blood  cultures  on  the 
day  of  the  study,  2 patients  had  Klebsiella  sepsis  and  3 had  Pseudomonas 
sepsis) .;  Their  burn  sizes  ranged  from  40-65%  of  total  body  surface, mean  50% 
total  body  surface.  Their  ages  varied  from  19-60, with  a mearf  age  of  49. Con- 
trols and  septic  burns  were  compared  with  7 uncomplicated, thermally  injured 
patients,  burn  size  40-65%  of  total  body  surface, mean  49%  of  total  body  surface. 
Their  ages  .ried  from  19-50  years  of  age  with  a mean  of  31  .The  burned 
patients  were  studied  on  the  7th  to  14th  post  burn  days. 

After  a 12-hour  fast,  patients  and  controls  were  given  (1)  an  oral  load 
of  phenylalanine  of  100  mg/kg  at  time  zero..  The  phenylalanine  was  made 
palatable  by  mixing  with  100  gm  of  dietetic  applesauce  . Blood  was  drawn  at 
hourly  intervals  starting  prior  to  ingestion  and  running  to  5'hours  post-inges- 
tion.  Serum  was  analyzed  by  colorimetric  methods  (Sigma  kit)  for  phenylala- 
nine and  tyrosine  levels,  and  for  glucose  levels.  (2)  At  a time  3 to  5 days 
after  the  phenylalanine  loading  tests,  patients  and  controls  were  given  50  mg/ 
kg  of  tyrosine  orally,  made  palatable  by  mixing  with  applesauce.  Blood  was 
drawn  at  hourly  intervals  starting  prior  to  ingestion  and  running  to  5 hours 
post-ingestion.  Serum  was  analyzed  for  phenylalanine  , tyrosine  and  glucose 
levels  as  above.  Values  at  fasting  and  each  hourly  interval  post-oral  load  were 
compared  between  the  three  groups  by  analysis  of  variance  using  Scheffe 
technic  for  multiple  comparisons.  When  discrete  disappearance  curves  could 
be  defined  by  linear  regressions , these  were  compared  by  analysis  of  variance 
and  their  rates  of  disappearance  determined  from  the  regression  slope  constants. 
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RESULTS 


A.  Phenylalanine  Tolerance  Tests.  100  mg/kg  Administered  Orally 
at  Time  Zero.  Mihen  the  appearance-disappearance  curves  of  phenylalanine 
in  mg/ 100  cc  of  serum  versus  time  in  response  to  an  oral  load  of  100  mg/kg 
of  phenylalanine  of  the  7 controls  are  compared  with  ail  12  burn  patients 
(Pig*  1)  f the  fasting  levels  are  not  statistically  separate  nor  are  the  4 and  5 
hour  post- ingestion  values.  The  1,  2,  and  3 hour  post- ingestion  values  for 
the  patients  are  significantly  decreased  below  those  of  the  controls  (p<0.025, 
p<  0.01,  and  p<  0.001  respectively) . A regression  line  fit  from  the  1 to  4 
hour,  mean  values  for  the  controls  has  an  equation  Y = 14.7921  - 2.3893X  with 
an  r^  of  0.9808,  a^imiiar  line  for  the  patients  has  an  equation  Y = 10.0729  - 
1.6304X  with  an  r^of  0.9075.  By  analysis  of  variance,  the  difference  in  the 
slopes  of  these  lines  is  not  statistically  significant  but  the  control  line  is  rela- 
tively elevated  over  that  of  the  patients,  p<  0.01 . 

When  the  appearance-disappearance  curves  for  tyrosine  in  mg/100  cc 
of  serum  versus  time  in  hours  in  response  to  a 100  mg/kg  phenylalanine  oral 
load  were  plotted,  (Fig  2)  the  responses  of  the  patients  could  not  be  statistically 
separated  from  the  responses  of  the  controls. 

The  glucose  levels  in  response  to  the  above  load  were  significantly 
higher  in  all  of  the  patients  relative  to  controls  at  all  times,  p<0.01  (Fig. 3); 
but  there  was  no  change  in  response  to  the  phenylalanine  load  from  fasting 
levels  in  either  group  (Fig. 4) . 

When  the  5 septic  patients  are  compared  to  the  7 controls,  the  phenyl- 
alanine tolerance  curve  in  mg/100  cc/hour  shows  the  septic  patients  fasting 
levels  to  be  significantly  greater  than  that  of  the  controls.  (Septic  patients 
mean  mg  phenylalanine/ 100  cc  serum  at  time  Zero  = 2.330  with  a standard 
deviation  of  0.74;  controls  mean  mg  phenylalanine/ 100  cc  serum  at  time  Zero 
= 1 . 1514  with  a standard  deviation  of  0.38;  p<0.01  (Fig. 5).  Since  the  fasting 
levels  are  different  in  these  2 groups,  disappearance  rates  must  be  calculated 
from  changes  from  fasting  levels  (Fig.  6) . The  eauation  defining  the  dis- 
appearance of  the  controls  is  Y = 2.39X  + 13.64,  r^  = 0.98.  That  for  the  septic 
patients  is  Y = 2.03X  + 10.3938,  r^=  0.92.  The  slopes  of  these  lines,  or  the 
rates  of  disappearance, are  statistically  equal.  The  increases  from  fasting  are 
statistically  equal  at  1 and  2 hours  post-ingestion  but  at  3,  4,  and  5 hours  post- 
ingestion the  increases  are  significantly  greater  in  the  controls  than  in  the 
patients  (p<0.01).  The  tyrosine  appearance-disappearance  curves  to  the 
phenylalanine  loads  were  the  same  in  the  controls  and  in  the  septic  burn 
patients  (Fig.  7) . 

When  the  7 non-septic  or  uncomplicated  burns  are  compared  to  the  7 
controls,  the  fasting  phenylalanine  levels  and  rates  of  appearance  and  dis- 
appearance of  phenylalanine  are  identical,  but  the  patient  curve  is  signifi- 
cantly lower  at  all  times  beyond  fasting,  p<0.001  (Fig. 8) . The  tyrosine 
appearance-disappearance  curves  are  notable  in  that  the  fasting  tyrosine 
level  is  greater  in  the  uncomplicated  burn  patients  than  in  the  controls  (Fig. 

9)  .Therefore, appearance-disappearance  rates  in  this  instance  must  be 
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examined  by  comparing  changes  from  fasting  as  in  Figure  10.  When  this  is  done, 
there  is  no  difference  in  the  2,  3 and  5 hour  changes  from  fasting  between  the 
2 groups,  but  the  4 hour  values  are  significantly  lower  in  the  uncomplicated 
burn  group  than  in  the  control  group  (p<0.05) . The  regression  line  describ- 
ing control  disappearance  from  2 to  4 hours  post-inoestion  of  phenylalanine 
is  described  by  the  equation  Y = 0.11  SOX  + 1.6628  r*y  0.96;  that  for  the  un- 
complicated patients  is  Y = 0.2427  + 1.4299  with  an  r of  0.98.  The  slope,  or 
rate  of  disappearance  for  the  burns  is  significantly  greater  in  the  non-septic 
burned  group  than  in  the  control  group,  p<0;05. 

If  the  changes  from  fasting  phenylalanine  levels  In  response  to  1U0  mg/ 
kg  oral  dose  of  phenylalanine  of  the  septic  and  non-septic  patients  are 
compared  as  in  Figure  11,  the  regressioti  line  describing  ^e  uncomplicated 
controls  is  Y = 6.387  - 1 .2899X  with  an  ri  of  0.94  and  the  line  for  the  septic 
burns  is  Y = 10.3938  - 2.0313X  with  an  r^  of  0.95.  The  septic  patients  have 
a greater  elevation  at  one  hour  p<  0.05,  and  a greater  slope  from  1 - 5 hours, 
pCO.QS. 


B.  Serum  Tyrosine  Response  in  mg/ 100  cc  of  Serum  to  50  mq/kg 
Tyrosine  Oral  Load  at  Time  Zero.  When  changes  in  levels  of  phenylala- 
nine and  glucose  from  fasting  are  compared  after  a 50  mg/kg  tyrosine  oral 
load  no  statistical  difference  at  any  period  could  be  discerned  between  any 
group  of  patients  and  controls  (Fig.  12,13).  When  the  tyrosine  appearance- 
disappearance  curves  are  compared  for  this  tyrosine  load,  the  rates  of  dis- 
appearance could  not  be  differentiated  but  the  degree  of  elevation  from  fast- 
ing was  only  a fraction  in  the  patients  of  that  seen  in  the  controls  at  any 
given  time  post-ingestion,  p<  0.01  (Fig.  14). The  curves  of  septic  and  non- 
septic  patients  could  not  be  distinguished. 

DISCUSSION 

A recent  review  of  the  serum  concentrations  of  all  essential  amino 
Tic'dc  :<i  the  thermally  injured  patients  treated  at  thisJnstitution  showed  all  . 
essential  amino  acids  to  be  decreased  with  the  sole  exception  of  phenylalanine.” 
Examination  of  the  major  pathway  for  phenylalanine  metabolism  (Fig.  15) 
would  suggest  that  increased  phenylalanine  levels  could  be  from  either  in- 
creased production  of  phenylalanine, decreased  conversion  of  phenylalanine 
to  tyrosine,  or  shunting  of  phenylalanine  to  other  metabolic  pathways  such 
as  gluconeogenesis.  Our  data  show  that  the  rate  of  disappearance  of  phenyl- 
alanine, and  its  conversion  to  tyrosine  are  equal  in  uncomplicated  and  com- 
plicated burns  and  in  normals.  In  septic  burns,  since  their  testing  phenyl- 
alanine levels  are  greater  than  controls,  the  phenylalanine  flow  which  •= 
equal  to  the  fasting  concentration  times  the  rate  of  disappearance,  is  increased. 
It  is  probable  that  the  phenylalanine  flow  is  even  greater  than  suggested  by 
these  data  as  the  extracellular  water  of  thermally  injured  patients  from  the 
7th  to  the  14th  post  burn  day  is  greater  than  that  of  controls.  This  would 
cause  the  space  occupied  by  phenylalanine  to  be  larger  in  patients  than  in 
controls.  Phenylalanine  flow  would  be  increased  by  ihe  proportion  by  which 
this  space  is  enlarged.  Elevated  phenylalanine  levels  in  burned  parents  are 
then  secondary  to  increased  peripheral  production  and  not  due  to  decreased 
conversion  to  tyrosine.  Phenylalanine  levels  can  be  taken  to  repre^em  a 
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further  catabolic  marker  in  the  thermally  injured. 

The  tyrosine  tolerance  curves  of  the  patients  showed  much  smaller 
increases  from  fasting  than  the  controls.  This  indicates  either  a much  greater 
rate  of  tyrosine  utilization  in  the  burns  or,  more  likely,  a failure  of  absorption 
of  tyrosine.  It  is  interesting  that  the  abnormalities  in  oral  tyrosine  tolerance 
curves  observed  in  burned  patients  here,  closely  mimic  the  previously  des- 
cribed abncffmalities  in  tyrosine  tolerance  curves  of  myxedematous  patients 
(Fig.  16)  The  tyrosine  appearance-disappearance  curves  from  100  mg/kg 
phenylalanine  load  of  uncomplicated  burns  compared  with  controls  showed  a 
more  rapid  rate  of  disappearance  of  tyrosine  in  the  burns  than  in  the  controls. 
This  would  indicate  that  in  burns  at  least  this  abnormal  tyrosine  tolerance 
test  is  a result  of  malabsorption. 

Decreased  absorption  of  tyrosine  and  increased  flow  of  phenylalanine 
in  the  thermally  injured  patient  would  indicate  a need  for  dietary  supplemen- 
tation of  these  important  precursors  of  catecholamines  and  thyroid  hormone. 

PRESENTATIONS  AND/OR  PUBLICATIONS 

None 
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23.  (U)  The  objective  of  this  study  is  to  attempt  to  demonstrate  that  hyperbaric 
oxygen  shortens  the  healing  time  of  donor  sites  and  increases  the  rate  of  spread  of 
mesh  graft  applied  to  suitable  recipient  aoreas  of  burned  soldiers . 

24.  (U)  The  pati'-nts  were  divided  into  two  groups,  those  receiving  hyperbaric  oxygen 
treatments  b.i.d.  at  2.4  atmospheres  of  100%  pure  oxygen  and  those  not  receiving  this 
treatment.  In  both  groups  the  uniforr.  depth  donor  site  was  placed  with  a Davol  derma- 
tome and  the  time  required  for  healing  of  this  area  recorded.  A portion  of  mesh  graft 
was  placed  on  a healthy  granulating  bed  and  photografted  every  two  days  to  observe  the 
filling  of  the  interstices  of  the  mesh. 


25.  (U)  76  01  - 76  09 

documented  depth  donor 
subjected  to  hyperbaric 
treatments . A separate 
volunteers  heal  at  the 
unescapable  conclusion 
the  Y -'aling  of  partial 
graft.  Because  of  the 
study  was  discontinued 


The  patients  treated  with  hyperbaric  oxygen  healed  their 
sites  at  a rate  equal  to  or  slower  than  the  patients  not 
! treatments.  The  mesh  graft  spread  in  patients  not  receiving 
! part  of  this  sti>dy  showed  that  docuriiented  depth  donor  sites  in 
same  rate  with  hyperbaric  oxygen  as  when  untreated.  The 
from  our  work  is  that  hyperbaric  oxygen  does  not  accelerate 
thickness  donor  sites  nor  does  it  speed  the  healing  of  mesh 
total  lack  of  demonstrable  response  to  hyperbaric  oxygen  this 
and  the  chamber  removed  from  the  unit. 
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Among  the  many  benefits  claimed  for  hyperbaric  oxygen  in  the  treat- 
ment of  burned  patients,  are  decrease  in  time  of  donor  site  healing 
and  increased  rapidity  of  mesh  graft  ^pread.  These  were  evaluated  on 
documented  depth  split  thickness  skin  graft  donor  sites  on  convalescent 
patients  requiring  grafting  and  on  "n,<;sh"  grafts  with  documented  size 
interstices.  The  hyperbaric  oxygen  group  were  treated  with  2.4  atmos- 
pheres of  100%  oxygen  for  60  minutes  b.i.d.  from  the  time  of  graft 
harvest  and  placement  of  graft  until  healing  was  complete.  No  accelera- 
tion could  be  noted  when  compared  with  a control  group  treated  in  the 
same  fashion  but  without  hyperbaric  oxygen  treatments.  Because  of 
failure  to  demonstrate  any  improvement  it-  healing  time  or  mesh  graft 
spread  and  the  difficulty  of  administering  hyperbaric  oxygen  to  patients 
with  large  burns,  the  study  was  abandoned  and  the  hyperbaric  chamber 
removed  from  the  unit. 


Hyperbaric  oxygen 
Mesh  graft 
Donor  site 
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EVALUATION,  DONOR  SITE  HEALING  AND  MESH  GRAFT 
SPREAD  WITH  HYPERBARIC  OXYGEN 

There  are  four  purported  advantages  of  administration  of  hyper- 
baric oxygen  to  burn  patients;  namely,  1)  decrease  In  amount  of  infection, 

2)  prevention  of  conversion  of  deep  second  degree  burn  to  third  degree 
burn,  i e. , less  areas  need- grafting,  3)  decrease  in  amount  of  resusci- 
tation fluid  needed  in  the  first  48  hours,  henceforth  less  edema  and 
4)  decreased  healing  time  c'  donor  sites  and  increased  rapidity  of  mesh 
graft  spread.  A single  person  hyperbaric  oxygen  chamber  was  obtained  and 
it  was  elected  to  first  evaluate  mesh  graft  healing  and  healing  of  docu- 
mented depth  donor  sites.  For  the  initial  evaluation  small  donor  sites 
were  placed  on  either  the  upper  thigh  or  the  forearm  of  patients  requiring 
grafting  procedures.  These  were  done  wi.th  the  Davol  dermatome  which  takes 
a set  thickness  graft.  The  small  specimens  were  pinned  on  a tongue  blade 
and  submitted  to  pathology  for  direct  measure  of  the  thickness.  The 
donor  sites  were  treated  open  with  fine  mesft  gauze.  The  subjects  were 
treated  to  one  hour  of  100^  oxygen  at  2.4  atmospheres  twice  a day  until 
healing  occurred.  Healing  being  defined  as  separation  of  the  coagulum 
with  total  epi thel ial izat ion.  Once  the  donor  site  treated  with  hyperbaric 
oxygen  had  healed  and  separated,  a like  donor  site  was  placed  on  the  other 
extremity.  Its  depth  was  documented,  and  it  was  treated  in  the  same  fash- 
ion with  the  exception  of  the  hyperbaric  oxygen  treatments.  Time  to  heal- 
ing in  the  like  depth  donor  sites  was  13  to  l4  days  with  and  without  hyper- 
baric oxygen.  There  was  no  demonstrable  decrease  In  the  time  of  healing. 

Donor  site  healing  and  mesh  graft  spread  were  evaluated  in  convalesc- 
ing patients  in  the  4th  to  5th  week  postburn  with  wounds  of  healthy  gran- 
ulation tissue  ready  for  grafting.  At  the  time  of  grafting  a small  portion 
of  uniform  depth  graft  was  taken  with  the  Davol  dermatome  and  a portion  of 
the  skin  taken  for  definitive  grafting  was  also  submitted  to  pathology  tor 
measurement  of  depth.  The  donor  sites  were  treated  in  a usual  open  fash- 
ion after  placing  a single  layer  of  fine  mesh  upon  them.  A three  inch 
square  area  of  healthy  granulation  tissue  was  picked  and  a representative 
portion  of  the  3:1  meshed  graft  was  placed  thereupon  with  maximum  expan- 
sion and  photographed  with  a ruler  in  the  field.  The  meshed  graft  was 
the-*  dressed  with  fine  mesh  gauze  and  coarse  mesh  gauze  scaked  in  S% 

Suit..  >ylon  solution.  The  patients  to  be  subjected  to  hyperbaric  oxygen 
were  treated  in  this  fashion  and  then  treated  with  2.4  atmospheres  of 
100^  oxyge.i  for  one  hour  b.i.d.  to  include  one  treatment  the  day  of  sur- 
gery. Only  two  patients  were  in  the  hyperbaric  oxygen  group  and  four  in 
the  control  group.  This  is  obviously  a very  small  group  but  since  there 
■was  absolutely  nc  decrease  in  healing  time  of  the  documented  depth  donor 
sites  nor  any  increase  in  the  rapidity  of  mesh  graft  spread,  the  investi- 
gatcrs  were  reluctant  to  increase  the  size  of  the  series.  If  there  is 
significant  benef’t  from  treatment  with  hyperbaric  oxygen  in  Increasing 
healing,  it  should  be  demonstrated  in  a very  small  series  of  patients. 

A difference  that  would  require  50  patients  in  either  group  to  document 
statistical  significance  would  be  of  little  clinical  value. 
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Because  of  our  faflure  to  document  any  Improved  healing,  It  was 
elected  to  discontinue  the  hyperbaric  oxygen  study  and  return  the 
hyperbaric  chamber  to  the  manufacturers. 

PUBLICATIONS  AND/OR  PRESENTATIONS 

None. 
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23.  (U)  Ancroo  is  a thrombin-like  enzyme  derived  from  the  venom  of  the  Malayan  pit 
viper.  It  is  a very  potent  anticoagulemt  with  few  undesirable  side  effects.  Vein 
reconstructions  following  the  penetrating  or  crush  injuries  which  occur  frequently 

in  modern  warfare  have  not  been  possible  with  conventional  emticoagulants.  With  Ancrod 
it  may  be  possible  to  perform  vascular  reconstruction  in  cases  which  were  previously 
regarded  an  inoperable.  The  purpose  of  this  study  is  to  develop  a vascular  surgical 
model  which  is  highly  predisposed  to  thrombosis  and  to  utilize  this  model  in  che 
study  of  Ancrod  as  a surgical  anticoagulant  for  use  in  injured  soldiers. 

24.  (U)  The  femoral  vein  was  surgically  exposed  bilaterally  in  a group  of  six  »adult 
Mongrel  dogs.  The  vein  was  then  cut  transversely  and  reanastomosed.  , Venograms  were 
performed  at  two  and 'four  weeks  post  operatively. 

25.  (u)  75  07  - 75  08  Most  of  the  vein  anastomoses  remained  patent  at  two  weeks 
postoperatively.  Veins  which  were  thrombosed  at  two  weeks  had  recanalized  and  were 
patent  by  four  weeks  postoperatively.  The  dog  is  thus  not  an  adequate  model  for  these 
studies  because  of  its  active  fibrinolytic  system  and  another  model  will  be  necessary. 
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Ancrod  is  a thrombin  like  enzyme  derived  from  the  venom  of  the 
Malayan  pit  vipor.  This  agent  is  a very  potent  anticoagulant  with  few 
undesirabl.e  side  effects.  It  is  possible  this  anticoagulant  could  be 
used  as  an  adjunct  in  vascular  surgical  procedures  which  are  predisposed 
to  thrombosis.  The  purpose  of  this  study  was  to  develop  a model  vascular 
surgical  procedure  which  was  highly  predisposed  to  thrombosis  and  to  use 
this  model  in  the  study  of  Ancrod  as  a surgical  anticoagulant. 

Femoral  vein  anastomoses  were  performed  bilaterally  on  six  adult 
mongrel  dogs  who  were  not  anticoagulated.  Follow  up  venograms  at  two 
and  four  weeks  postoperatively,  revealed  a high  rate  of  patency  of  the 
anastomosis.  Veins  which  had  clotted  at  two  weeks  postoperatively,  were 
found  to  have  recanalized  by  four  weeks  postoperatively,  therefore  the 
project  Wos  terminated.  The  dog  is  thus  not  an  adequate  model  for 
these  studies.  It  may  be  necessary  to  use  primates  to  continue  this 
work. 


Coagulation 

Ancrod 

Vascular  surgery 
Dogs 


^7ft 


nzrJkHCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


WCAT  comrmct.  tniBOL 

DD-DR4iE(AR)636 


I.  OATI  ^nev  SUM*RY 


75  07  01 


10.  ItO./COOCft:*  ^MOOMAM  14.CMCNT 


JfCT  MUI^MA 


0.  COttTMOUTINO 


C.  CONTOIOUTINO 


TAtF  AHCA  NUMSCR 

WORK  UNIT  MUNRSR 

00 

114 

I.  ((j)  ^ Prospective  Canparison  Study  of  Suitamylon  ana  sixvL-r 

Sulfadiazine  in  the  Treatment  of  Burned  Troops  (44) 

II  >CI(l>TiriC  AND  TICHNOCOOICAL  AMAi^  """ 

003500  Clinical  Medicine 


. eo»T«*eT/.i..«T  Not  Applicable 

« DATU/II»CTIVIi  lnnilCTlOH 

I.  NUMMII  • 

*•  ▼YOls  4 AMOMNTt 


m AttOUACf  MTIMATI  [ A AOOrt»|OWAL  MAM  YOt  Ik  FUND*  (Ml 


tt  MtAOMlIOCt  OOOOAOAMitATMA 


f.CUM.  AMT. 


m.  MAFeMMHOOAOAMiiATieil 


mtOOMMOCC  (NOIVtOUAL 

nAiiii Basil  A.  Pruitt,  Jr,  COL,  MC 
TiLir«o«i:  512-221-2720 


US  Army  Institute  of  Surgical  Aesearch  ««•«:•  us  Army  Institute  of  Suj’gical  Research 

. Surgical  Study  Branch 

AOONCUi  AOOMiAs* 

Fort  Sam  Houston,  Texeis  78234  Fort  Sam  Houston,  Texas  78234 

.milCl.AI.  INVIlTiaATOK  MM  II VI.  nuMWIMM 

»“»*  Hugh  D.  Peterson,  COL,  MC 
512-221-3301 

tf»CIAI.  tICUAITV  ACCOUNT  WUHOIR- 
I.  OOMfMAU  UlC  AUOCIATt  «NVt»T>OATOAI  ‘ 

FOREIGN  INTELTJGENCE  NOT  CONSIDERED  "««■  Arthur  D.  Mason,  Jr,  MD 

"»««•  DA 

Topical  therapy;  (U)  Burn  injury,-  (U)  Sul'famylon 
(mafenide) ; (U)  Silvadene  (silver  sulfadiazine);  (U)  Humans 


■».  TCCHNICAL  OOJCCTIVC.*  14  AFNNOACM.  14  NNOONCv:  fFumiaA  ^^«pAa  *r  i»u»tar  Ual  •/  —9k  CI—IHfftm  C*A*  ) 

23.  (U)  The  objective  of  this  study  is  to  compare  silver  sulfadiazine  with  Sulfamylon 
in  six  groups  of  turned  soldiers,  two  groups  by  age  16  to  40,  and  greater  than  40  and 
three  by  burn  size,  30  to  50  percent,  up  to  70  percent  and  greater  than  70  percent. 

The  indices  to  be  evaluated  eure  survival,  aci4  base  balance,  pain  on  application, 
bacteriology  of  the  bum  wound,  pulmonary  function,  and  clinical  status  of  the  injured 
troops . 

24.  (U)  Burns  greater  than  30  percent,  seen  within  the  first  72  hours,  were  randomized 
by  pairs  iu  the  aforementioned  groups  and  placed  in  one  of  the  two  agents.  The 
pulmoneury  functions,  acid  base  balance,  wound  bacteriology  were  then  followed  nietic- 
ulously  until  the  eschar  was  entirely  separated  or  until  the  patient  expired. 

25.  (U)  75  07  - 76  09  The  study  demonstrated  that  Sulfamylon  offered  far  superior 
control  of  the  greun-negitive  population  nf  the  burn  wound,  but  had  deleterious  effects 
when  applied  in  a regular  fashion  to  burns  over  30  percent.  The  deleterious  effects 
were  manifested  by  respiratory'  problems,  decreased  G1  function,  cerebral  changes  and 
earlier  death  not  characterized  by  sepsis.  The  study  demonstrated  that  Sulfamylc" 
was  most  li)cely  not  a good  agent  for  initial  burn  therapy  in  bums  larger  than 

30  percent  but  should  be  reserved  for  wound  problems  where  it  has  been  very  efficacious 
at  this  unit.  Since  the  termination  of  this  study  silver  sulfadiazine  has  been  used 
as  the  initial  agent  we  have  had  increasing  problems  with  the  gram-ne<,ative  flora  of 
the  wound  and  attention  ir  now  being  turned  to  an  alternating  therapy  of  silver 
sulfadiazine  and  Sulfamylon  '.n  the  early  postburn  course  with  careful  moderation 
systemic  toxicity  to  the  Sul  amylon. 
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During  all  of  the  reporting  period  only  sliver  sulfadiazine  was  used 
as  the  Initial  topical  agent.  It  was  noted  to  have  decreasing  efficacy 
against  gram  negative  organisms  mainly  Klebsiella.  In  addition  Pseudomon- 
as organisms  have  been  more  commonly  recovered  from  the  burn  wounds,  in 
terminal  patients.  This  decreasing  efficacy  was  highlighted  by  earlier 
positive  blood  cultures  and  earlier  time  to  death  in  those  patients  dying 
with  sliver  sulfadiazine  treatment.  Sulfamylon  burn  cream  was  again  used 
for  wound  complications  and  several  patients  had  wound  degeneration  which 
was  recouped  by  subeschar  Infusion  and  Intermittent  application  of  Sulfa- 
mylon burn  cream.  Sulfamylon  burn  cream  when  used  early  In  the  burn 
course  was  again  noted  to  have  a deleterious  effect  on  some  patients. 

Probably  the  most  outstanding  thing  noted  In  survivals  during  this  period 
was  that  there  were  only  two  deaths  In  the  15  to  40  age  group  of  burns 
less  than  50%.  One  of  these  was  a patient  that  entered  t<ie  hospital  with 
a cerebral  death  secondary  to  inhalation  Injury,  the  second  was  a 50% 
burn  that  died  at  126  days  with  a nonspecific  myocarditis.  This  low  mor- 
tality In  the  15  to  AO  age  group  In  burns  of  50%  or  less  contrasts  to  the 
18  deaths  In  that  age  group  In  1970  and  the  11*  deaths  in  that  age  group  In 
21973,  the  last  year  In  which  Sulfamylon  was  used  as  a primary  topical  agent. 
Figures  such  as  this  further  document  the  benign  quality  of  silver  sulfa- 
diazine In  relation  to  systemic  effect  on  the  patient.  However  this  fact 
Is  at  least  In  part  counter  balanced  by  the  poor  control  of  Klebsiella  sp. 

I 

This  study  has  been  terminated  because  we  have  continually  Remonstra- 
ted our  earl ier'flndings  of  better  bacterial  control  by  Sulfamylon,  which 
must  be  balanced  against  Its  systemic  effects  In  patients  with  burns  of 
more  than  30%  of  the  total  body  surface.  At  present  we  are  evaluating  a 
treatment  regimen  in  the  early  post  burn  period  of  12  ho-;s  application 
of  silver  sulfadiazine  followed  by  12  hours  application  of  Sulfamylon 
alternating  in  this  fashion  until  the  eschar  has  separated.  With  this 
maneuver  we  have  been  able  to  maintain  the  bacterial  density  In  the 
eschar  at  a level  of  10  to  10^  less  than  If  only  silver  sulfadiazine  is 
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used.  However  an  increase  in  the  survival  of  patients  with  extensive 
burns  has  not  been  confirmed  and  we  have  noted  some  patients  to  show  the 
systemic  effects  of  Sulfamylon  application.  At  present  we  are  continuing 
to  purjue  this  course  in  patients  with  burns  larger  than  50%.  The  findings 
of  this  study  suggest  that  there  is  probably  no  ideal  topical  agent  and 
that  emphasis  should  be  placed  on  surgical  renoval. 
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23.  (U)  Evaluation  of  the  in  vivo  effect  of  fresh-trozen  plasma  on  leukocyte  chemo- 
taxis in  thermally  injured  military  personnel. 

24.  (U)  Patients  with  burns  over  55%  of  the  total  body  surfact  are  divided  on 
admission  into  two  groups.  One  receives  the  routine  resuscitation,  the  other  receives 
fresh-frozen  plasma  on  colloid  during  their  resuscitation.  The  functional  chemotactic 
index  is  determined  serially  in  these  patients  According  to  the  Warden  modification  of 
the  Boyden  technique  namely  the  ability  of  leukocytes  to  migrate  through  nucleopore 
filter  toward  a complement  dependent  chemotactic,  CASEN-SERUM.  Otner  patients  who 
have  a low  chemotactic  index  but  who  had  received  no  fresh-frozen  plasma  prior  to 
determination,  are  treated  with  three  units  of  fresh-frozen, plasma  per  day  and  the 
functional  chemotactic  index  determined  during  the  period  of  treatment  with  fresh- 
frozen  plasma. 

25.  (U)  75  07  - 75  10  Serial  studies  of  functional  chemotactic  index  (FCI)  in  24 
burn  patients  between  3 and  21  days  postburn  revealed  a significantly  higher  mean  FCI 
(61.4)  in  those  who  survived  than  in  those  who  died  (mean  FCI  44.7).  Twelve  patients 
with  low  FCI  who  received  fresh-frozen  plasma  daily  showed  an  increase  in  mean  FCI 
from  37.7  to  56.0.  The  changes  in  patients  receiving  fresh  frozen  plasma  was  not 
merely  an  effect  of  time. 
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Warden  and  his  associates  reported  that  leukocytes  from  burned 
patients  showed  decreased  chemotaxis  and  that  after  72  hours  post  burn 
the  Impairment  of  leukocyte  chemotaxis  Is  directly  correlated  with  the 
clinical  status  of  the  patient  and  Is  highly  predictive  for  ultimate 
mortality,  and  that  In  vitro  normal  serum  can  restore  chemotactic 
function  of  the  granulocytes  from  burned  patients  to  normal. 

In  the  present  study,  chemotaxis  of  leukocytes  from  burned  patients 
was  studied  using  a modified  Boyden  chamber  following  the  methods  describ- 
ed by  Warden-  All  studies  were  performed  In  triplicate  with  the  person 
counting  the  cells  blinded  as  to  the  source  of  the  specimen.  Eighty- 
four  determinations  of  the  Functional  Chemocactlc  Index  (FCI)  were  made 
on  24  burned  patients  between  the  third  and  twenty-first  post  burn  day. 
Those  burned  patients  who  ultimately  survived  showed  a mean  FCI  of  61.4 
(range  19.7  to  II8)  compared  to  44.7  (range  11  to  100.7)  for  the  nonsur- 
vivors (p  0.01). 

Subsequently,  12  burned  patients  who  were  first  demonstrated  to 
have  a low  FCI  were  treated  with  three  units  of  fresh  frozen  plasma  per 
day,  and  the  fCI  was  determined  serially.  The  mean  FCI  following  treat- 
ment was  56.0  (range  36.2  to  93.9)  compared  to  37.7  (range  15.4  to  68.4) 
before  treatment  (p  G.Ol).  Comparison  of  this  group  with  similar 
patients  from  our  earlier  series  who  received  no  fresh  frozen  plasma 
showed  that  this  was  not  merely  an  effect  of  time. 

This  study  reconfirmed  the  findings  that  ultimate  mortality  in 
burned  patients  Is  associated  with  significant  depression  of  the  FCI  and 
demonstrated  that  leukocyte  chemotaxis  In  burned  patients  can  be  enhanc- 
ed Jn_  vM_yo^  by  some  constltutent  of  fresh  frozen  plasma. 
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23.  (U)  To  study  the  gastric  pathophysiology  of  the  thermally  injured  soldier,  so  as 
to  better  define  etiologic  factors  responsible  for  Curling's  ulcer. 

24.  (U)  Evaluation  to  be  carried  out  on  thermally  injured  soldiers  with  greater  than 
30%  TBS  area  injury  admitted  to  the  USAISR.  Study  will  be  stratified  so  that  a group  o 
patients  in  the  30  to  50%  TBS  area  injury  and  the  second  group  in  the  50  to  /u<  mS 
area  injury  will  be  included.  Investigative  procedures  will  be  performed  within  24 
hours  if  possible  and  at  72  hours  postbum.  Burns  of  greater  than  50%  body  surface 
area  will  also  be  studied  at  5 to  7 days  post  injury  Md  all  patients  will  then  be 
studied  between  the  9th  and  12th  day  post  injury  and  at  30  days  or  discharge.  Studies 
will  encompass:  (1)  gastric  endoscopy  with  photography  and  biopsy  ^or  semiquantitative 
mucous  determination,  (2)  ion  flux  across  the  gastric  mucosa,  (J)  coagulation  studies, 
(4)  measurements  of  gastric  clearance  of  radioactive  isotopes,  and  (5)  evaluation  of 
the  role  of  bacteremia. 

25.  (U)  75  O’^  - 76  09  Early  gastritic  and  duodenitic  changes  are  present  in  7-80% 

of  patients  with  burns  of  40%  or  more  of  the  body  surface.  Gastric  acid  production  is 
increased  markedly  in  those  patients  who  develop  clinically  significant  complications 
of  Curling's  ulcer.  Gastrin  level  assay  suggests  an  intact  gastrin  control  mechanism. 
Prophylactic  antacid  therapy  reduces  bleeding  from  this  variant  of  stress  ulcer 
disease. 
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Endoscopic  abnormalities  of  the  gastroduodenal  mucosa  develop  In 
78^  of  thermally  Injured  patients  with  burns  Involving  Z5%  or  greater 
of  the  total  body  surface. 

Physiologic  studies  revealed  that  production  of  gastric  muco- 
substances  was  normal  and  not  etiologically  significant.  Increased 
permeability  of  the  gastric  mucosa  to  hydrogen  ions  was  not  con- 
sistently noted  in  those  with  endogenous  abnormalities  but  correlated 
with  clinical  progression  of  disease. 

Current  studies  Include  evaluation  of  serum  pepsinogen  as  a 
predictor  of  gastroduodenal  mucosal  disease,  duodenopyloric  reflux 
of  bile  salts  as  an  etlologlc  factor  in  stress  ulcers,  and  evalua- 
tion of  cimetidine  as  a therapeutic  agent  in  prevention  of  stress 
ulcers  following  thermal  Injury. 


Evaluation 

Gastric  physiologic  disturbances 
Thermal  Injury 
Burn  patients 
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EVALUATION  OF  GASTRIC  PHYSIOLOGIC  DISTURBANCES  ASSOCIATED 
WtTK  THERMAL  INJURY  IN  A MILITARY  POPULATION 

Over  the  past  several  years,  gastrophye to logic  studies  have  been 
performed  In  the  thermally  Injured  soldier  to  determine  those  factors 
that  may  be  Impontant  In  the  etiology  of  erosive  and  ulcerative  disease 
of  the  stomach  and  duodenum.  Patients  with  a greater  than  1S%  total 
body  surface  burn  were  at  most  risk  to  develop  gastroduoderai  compll* 
cations  and  were  Included  In  the  physiologic  studies. 

Gastroduodenal  Endoscopy, 

Endoscopy  of  the  esophagus,  stomach,  and  duodenum  was  performed 
in  a serial  fashion.  Seventy  seven  thermally  Injured  patients  were  in* 
eluded  In  the  study  and  ranged  in  ages  from  16  to  7^*  Superficial  gas* 
trie  mucosal  Injury  was  noted  In  approximately  87«  of  the  patients. 

The  gastric  lesions  were  most  often  noted  In  the  fundus  and  body  of  tha 
stomach,  and  the  antrum  was  less  often  Involved  but  was  abnormal  In  one 
third  of  the  patients.  Discrete  ulcerative  disease  was  found  In  26. 
of  the  patients,  and,  of  these,  six  had  concomitant  duodenal  ulcers. 
Duodenal  Inflammation  was  found  In  8U  of  those  patients,  and  was  noted 
to  be  present  only  In  those  patients  with  a greater  thein  351  total  body 
surface  burn.  Duodenitis  was  the  most  frequently  encountered  diagnosis^ 
and  was  defined  by  the  appearance  of  erythema,  edema,  and  Increased 
mucosal  friability.  In  two  patients,  ulcerative  disease  was  seen  to 
evolve  from  superficial  erosive  disease.  Discrete  duodenal  ulceration 
was  encountered  in  26%  of  the  patients,  and  all  were  noted  to  have  ac-* 
companying  duodenitis. 

It  can  be  concluded  from  this  endoscopic  evaluation  that  super* 
flcial  gastroduodenal  mucosal  injury  is  a frequent  Accompaniment  of 
severe  thermal  Injury.  This  study  emphasizes  that  this  disease  Is  a 
diffuse  process  and  Involves  many  portions  of  the  gastroduodenal 
mucosa.  Discrete  ulceration  in  either  the  stomach  or  duodenum  was  not 
present  unless  accompanying  superficial  inflammatory  changes  were  noted 
around  the  ulceration. 

Physiologic  Studies 

Hlstochemlcal  techniques  were  employed  to  study  the  mucous  protec* 
tive  barrier  of  the  stomach.  It  has  been  postulated  in  previous  ll'tera* 
ture  that  a decrease  In  mucus  production,  or  a change  In  Its  charac* 
teristics,  might  render  the  gastric  mucosal  membrane  more  susceptible 
to  damage.  Of  the  nine  patients  studied,  all  were  noted  to  have  a 
normal  production  of  gastric  mucus.  It  was  therefore  concluded  that 
mucus  substances  produced  In  the  stomach  are  not  an  important  etlologic 
factor  In  the  development  of  acute  gastroduodenal  stress  ulceration  fol* 
lowing  thermal  Injury. 
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A second  study  utilized  the  lithium  flux  technique  to  evaluate 
back-diffusion  of  the  hydrogen  ion  in  the  gastric  mucosa  and  the  in- 
tegrity of  the  gastric  mucosal  barrier.  Our  data  documented  that  in- 
creased back  diffusion  of  hydrogen  ions  was  not  an  etioiogic  factor 
in  the  early  development  of  gastric  lesions  following  thermal  injury. 
However,  disruption  of  the  gdstric  mucosal  barrier  seemed  to  correlate 
with  endoscopic  and  clinical  progression  of  mucosal  disease,  suggesting 
that  hydrogen  ion  is  an  important  contributing  factor  in  the  progres- 
sion of  disease  and  perhaps  is  useful  as  a prognostic  index. 

Current  Physiologic  Studies  in  Progress 

Little  attention  has  previously  been- given  to  the  role  of  pepsin 
digestion  of  the  gastric  mucosa  following  thermal  Injury,  Currently, 
we  are  utilizing  a radioimmunoassay  of  serum  pepsinogen  as  a reflector 
of  gastroduodenal  morphology.  A pilot  study  has  been  performed,  and 
Indicates  that  serum  pepsinogen  levels  rise  markedly  prior  to  gastro- 
intestinal bleeding  in  two  of  11  patients  studied.  Although  the  num- 
bers are  small,  we  are  currently  evaluating  the  endoscopic  appearance 
of  the  gastroduodenal  mucosa  and  determining  if  correlations  exist  be- 
tween the  serum  pepsinogen  and  the  endoscopic  appearance  of  the  stomach. 

In  the  experimental  animal,  dis..*’iption  of  the  gastric  mucosal  mem- 
brane can  be  accomplished  easily  by  topical  application  to  the  gastric 
mucosa  of  substances  that  have  detergent  properties,  such  as  bile, 
aspirin,  urea,  etc.  Reflux  of  bile  through  the  pylorus  into  the  stomach 
has  been  postulated  as  an  etiologi.c  factor  in  the  developn  ent  of  erosive 
and  ulcerative  disease  of  the  stomach.  We  currently  are  using  a steroid 
dehydrogenase  enzymatic  assay  to  quantitate  bile  reflux  early  in  the 
postburn  period.  Bile  reflux  will  be  compared  between  thermally  injured 
and  normal  controls  and  will  be  correlated  with  endoscopic  findings. 

Since  the  presence  of  hydrochloric  acid  is  essential  in  the  experi- 
mental production  of  stress  ulceration,  control  of  hydrogen  ion  secre- 
tion by  the  gastric  mucosa  would  seem  a logical  method  of  treatment. 
Histamine  is  felt  to  be  the  final  common  pathway  in  gastric  acid  secre- 
tion regardless  of  the  stimulus  employed.  A new  group  of  drugs  has  been 
developed  which  antagonizes  the  action  of  hist  mine  on  the  parietal  cells 
of  the  gastric  mucosa.  Cimetidine  is  a third  generation  histamine  an- 
tagonist, and  is  being  given  in  a double-blind  fashion  to  determine  its 
effectiveness  in  prevention  of  gastroduodenal  disease.  This  study  is 
currently  in  progress. 

Sunmary 

Previous  gastrophysiologic  studies  have  been  extensive  in  this 
unit,  yet  fail  to  define  the  etioiogic  factors  solely  responsible  for 
Curling's  ulcer.  Future  studies,  as  outlined  above,  are  underway  to 
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further  define  the  pathophysiologic  events.  Important  In  this  disease 
process.  In  addition,  various  therapeutic  modalities  are  being  studied 
to  determine  the  most  effective  in  the  treatment  of  this  disease  process. 
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23.  (U)  To  determine  the  effect  of  zinc  dosage  on  plasma  zinc  levels  and  the  growth 
•rate  of  burned  rats  as  an  animal  model  for  the  zinc  requirements  of  burned  soldiers. 

24.  (U)  Groups  of  scald  burned  rats  (60%  total  body  surface)  will  be  fed  a zinc 

free  diet  and  administered  daily  doses  of  zinc  acetate  intraperitoneally . The  animals 
will  be  weighed  and  observed  for  signs  of  zinc  deficiency.  Plasma  zinc  will  be 
determined  at  10  days  postburn  and  the  animals  euthanitized. 

25.  (U)  75  07  - 76  09  No  signs  of  zinc  deficiency  were  seen  in  the  burned  .emimals. 

No  significant  differences  were  found  in  the  plasma  zinc  or  weight  gain  of  the  animals 
receiving  zinc  over' those  receiving  no  zinc.  Weight  gain  was  not  imporved  with  zinc 
administration. 
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ABSTRACT 


PROJECT  NO.  3A1S2110A821-00,  COMBAT  SURGERY 

REPORT  TITLE:  THE  ZINC  REQUIREMENTS  OF  THE  BURNED  RAT  AND  THE 
INFLUENCE  OF  ZINC  ON  LDH  ACTIVITY,  GROWTH  RATE 
AND  WOUND  HEALING:  A MODEL  OF  BURNED  SOLDIERS 
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Sam  Houston,  Texas  78234 

Period  covere  d in  this  report:  1 July  1975  - 30  September  1976 
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Ysidro  Villarrea!,  BS 
Harrel  L.,  Walker,  MS 
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The  objective  of  this  study  is  to  determine  if  rats  with  extensive  scald 
burns  have  an  increased  requirement  for  the  trace  metal  zinc.  Rats  were  scald 
burned  over  60%  of  their  total  body  surface  and  administered  parenteral  zinc 
at  0,  50,  and  100  micrograms  per  day.  The  animals  were  fed  a zinc-free  diet 
to  minimize  the  intake  of  exogenous  zinc.  The  animals  were  weighed  preburn 
and  at  7 and  10  days  postburn.  Plasma  zinc  levels  were  determined  at  10  days 
postburn. 

No  significant  differences  were  found  in  the  postburn  weights  or  the 
plasma  zinc  levels  of  animals  treated  with  zinc  and  those  with  no  zinc  source.; 
No  lesions  of  zinc  deficiency  were  seen. 


Zinc  requirements 
Burns 

Wound  healing 
Lactate  dehydrogenase 
Rats 
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THE  ZINC  REQUIREMENTS  OF  THE  BURNED  RAT -AND  THE 
INFLUENCE  OF  ZINC  LDH  ACTIVITY.  GROWTH  RATE  AND 
WOUND  HEALING:.  A MODEL  OF  BURNED  SOLDIERS 


The  zinc  requirement  of  man  is  not  fully  known  and  the  reported  cases 
of  zinc  deficiency  are  rare.'  A zinc  deficiency  syndrome  in  man  was  reported 
in  1963  by  Prasad  in  Egyptian  males  with  a dwarfing  and  hypogonadal  syndrome 
(1) . Zinc  has  recently  been  reported  to  be  essential  in  vitamin  A metabolism. 
Depressed  vitamin  A levels  in  plasma  were  found  in  zinc  deficient  rats  and  in 
children  with  low  plasma  zinc  (2) The  low  vitamin  A levels  may  account  for 
the  epithelial  lesions  seen  in  zinc  deficient  rats  and  other  animals. 

Altered  zinc  levels  have  been  reported  in  burn  patients  (3) . Previously 
we  have  found  low  zinc  levels  in  the  plasma  of  burned  rats  with  60%  total  body 
surface  burns  (TBS) . The  tissue  levels  of  zinc  did  not  correlate  with  zinc 
dosage  or  time  post  burn.:  Lactic  dehydrogenase  activity  was  only  altered 
during  the  first  48  hours  post  burn. 

METHODS 

Male,  Sprague-Dawley  rats  weighing  between  172-200  grams  were  used 
in  this  study.  All  animals  were  anestheteized  with  pentobarbital  sodium 
intraperitoneally  (0.6  mg/100  gm  body  weight)  and  the  hair  clipped  on^he 
dorsum  of  the  back  and  the  abdomen.  The  animals  in  all  groups  were  3°  scald 
burned  over  60%  TBS  by  the  method  of  Walker  and  Mason  (4) . All  animals 
were  fed  a zinc-free  diet  (Nutritional  Biochemical  Co.  ) ad  libitum,  housed  in 
stainless  steel  wire  bottomed  cages,  and  given  water  ad  libitum.  Fifty  or  100  ug 
of  zinc,  as  zinc  acetate  in  saline,  was  administered  daily  intraperitoneally. 
Normal  saline  was  administered  to  the  zinc  deficient  animal  group  intraperi- 
toneally once  daily.  The  animals  were  weighed  on  the  day  of  burning  and  at  7 
and  10  days  post  burn.  The  animals  were  then  anesthetized  with  chloroform  to 
obtain  a blood  sample  by  intracardiac  puncture. The  blood  was  heparinized  and 
plastic  tubes  used  to  store  and  centrifuge  the  samples.  Plasma  zinc  was 
determined  by  atomic  absorbtion  spectrophotometry  using  a model  AA-5 
Varian  Techtron. 


1 . Prasad  AS,  Miale  A, Jr,  et  al:.  Biochemical  studies  in  dwarfism, 
hypogonadism  and  anemia.  Arch  Int  Med  11  1:407,1963, 

2.  Smith  JC,  etal:  Zinc:  A trace  element  essential  in  Vitamin  A 
metabolism.  Science  181:  954-955,  1973. 

3.  Larson  DL,  Maxwekk  R,  Abston  S,  Dobrkovsky  M:  Zinc  deficiency 
in  burned  children,  Plas  Reconstr  Surg  46:  13-21,  1970, 

4.  V.'alker  HL,  Mason  AD, Jr:  A standard  animal  burn,  J Trauma  8: 
1049-1051,  1968. 


395 


RESULTS 


The  plasma  zinc  levels  are  shown  in  Table  1.  Blood  samples  from  8 
animals  are  in  each  group.  The  mean  plasma  zinc  levels  did  not  differ  sig- 
nificantly between  groups  using  analysis  of  variance  (ANOV) . Four  of  8 
samples  in  the  zinc-  free  group  and  3 of  8 samples  in  the  50  ug/day  zinc'had 
plasma  zinc  levels  below  100  ug/100  ml  plasma.  All  animals  receiving  100  ug 
zinc  daily  had  plasma  zinc  levels  in  excess  of  100  ug/100  ml  plasma.  100  ug/ 
100  ml  is  considered  the  low  normal  value  for  the  rat  and  man. 

Table  1 . Mean  Plasma  Zinc  Levels  at  10  Days  Postburun 


Croup 

T reatment 
ug  Zinc/Day 

Mean 
+ S.E 

Range 

1 

0 

109.9  + 12* 

60  - 165 

II 

50 

111.3  + 11 

70  - 160 

III 

100 

142.5  + 28 

110  - 185 

Ail  values  are  ug/100  ml  plasma 

The  body  weights  are  shown  in  Table  2.  The  animals  lost  weight  between 
burning  and  the  7th  postburn  day.  The  administration  of  zinc  did  not  result 
In  any  diminution  of  the  weight  loss  which  occurs  early  in  the  post  burn  period. 
The  loss  of  weight  did  not  differ  significantly  between  groups . Between  the 
7th  and  10th  post  burn  day,  the  animals  began  to  gain  weight  at  a rate  normal 
for  unburned  animals  of  from  3-6  gm  daily.  At  10  days  post  burn,  the  weights 
between  groups  did  not  differ  significantly. 

Table  2.  Mean  Weight  (grams  ^ S.E. ) 


Croup 

Treatment 
ug/Z  inc/Day 

0 

Days  Postburn 
7 

10 

1 

0 

183.5  + 1.04 

167.8  + 2.4 

187.0  + 

2.4 

II 

50 

184.3  + 1.94 

171.6  + 2.4 

186.5  + 

3.8 

III 

100 

182.6  + 1.44 

164.6  + 2.2 

181.8  + 

2.6 
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DISCUSSION  AND  SUMMARY 


The  absence  of  lesions  of  zinc  deficiency  in  this  study  and  earlier 
studies  in  which  animals  were  observed  for  30  days  postburn  on  zinc-free 
diets  and  without  exogenous  zinc  indicates  that  zinc  is  conserved  by  the 
animals  and  that  large  zinc  losses  are  not  occurring  through  the  burn  wound 
and  urine.  The  rats  eat  their  eschar  as  it  separates  which  serves  as  a zinc 
source  for  the  animal  which  the  burn  patient  would  not  have. 

The  mean  plasma  zinc  levels  in  47  unburned  animals  from  our  rat  colony 
is  150.6  + 12.8  ug/100  ml . Individual  values  range  from  100  - 231  ug/100  ml 
plasma.  In  a test  of  the  diet,  a group  of  5 unburned  animals  fed  the  zinc-free 
diet  for  4 months  had  plasma  zinc  levels  of  37.5  - 87.5  ug/100  ml.  Three  of 
the  5 animals  had  lesions  of  zinc  deficiency  and  in  the  one  animal  which  had  nc 
lesionsi  the  plasma  zinc  level  was  87.5  ug/100  ml.  In  plasma,  one-third  of 
the  zinc  is  firmly  bound  to  globulin  and  the  remaining  two-thirds  is  loosely 
bound  to  albumen  (5) . The  unburned  animals  fed  the  test  diet  for  4 monUis 
and  with  lesions  of  zinc  deficiency  had  plasma  zinc  levels  compatible  with  a 
complete  depletion  of  the  loosely  ^und  zinc.  In  the  present  study,  the  plasma 
zinc  determinations  were  all  above  values  which  would  indicate  a complete 
depletion  of  the  lossely  bound  zinc. 

The  age  and  weight  of  the  rat  when  deprived  of  zinc  may  be  important 
to  produce  lesions  of  zinc  deficiency.  VVe  have  not  seen  an  immediate  rapid* 
decline  in  weight  gain  or  plasma  zinc  in  unbured  animals  weighing  180-200 
gm.  Most  investigators  using  rats  for  nutritional  studies  use  weanling  rats 
which  weight  approximately  45  gm.  Animals  of  this  age  and  weight  do  not 
have  a large  zinc  pool  to  maintain  plasma  and  tissue  zinc  levels  above  the 
minimum  required  for  normal  growth  and  the  enzymatic  propes^es  for  which 
zinc  is  essential. 

The  negative  results  in  producing  a zinc  deficiency  syndrome  In  burned 
rats  indicates  that  180-200  gm  rats  have  sufficient  reserves  to  prevent  complete 
depletion  of  zinc  in  the  critical  early  post  burn  period. The  administration  of 
exogenous  zinc  in  excess  of  daily  requirements  did  not  significantly  alter 
changes  in  the  plasma  zinc  levels  or  the  weight  loss  and  gain  in  the  early  post 
burn  period. 


PUBLICATIONS  AND/OR  PRESENTATIONS 
None 


5.  Prasad  AS  (ed) : Zince  Metabolism,  Charles  C.  Thomas,  Springfield; 
III.,  1966. 
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23.  (U)  To  determine  in  rates  of  blood  flow  and  metabolism  and  relate  them  to  (a) extent 
of  thermal  'njury,  (b)cardiac  output;  (c)thermal  equilibrium,  and (d)general  level  of 
total  body  metabolism  of  burned  soldiers  (8-10)  and  normal  controls. 

24.  (u)  Blood  Flow  via  venous  occlusion  plethysmography  usually  of  total  leg  but 

arms  may  also  be  used  with  selected  patients. 

Cardiac  Output  - Indicator  (cardiogreen)  dilution 

Total  Body  Metabolism  - Indirect  calorimetry  via  collection  of  expired  air  in  Douglas 
bags  and  emalysis  on  mass  spectrophometer. 

Arteriovenous  sampling  across  limb  - Analysis  for  oxygen  consumption  and  carbon  dioxide 
production  as  well  as  uptake  of  glucose  and  FFA  and  release  of  pyruvate  and  lactate. 

Body  Temperatures  - Rectal  and  several  skin  temperatures  will  be  monitored  by  copper- 
constantem  thermocouples. 

General  Protocol  - After .post-absorptive  subject  at  thermal  equilibrium  in  quiet,  warm 
(29*0  room,  his  resting  metabolic  rate  and  body  temperatures  will  be  determined.  The 
limb  to  be  studied  will  then  be  placed  into  a plethysmograph  and  8-10  limb  blood  flow 
measurements  taken.  This  will  be  followed  by  cardiac  i^'”-?ut  determinations  (3)  and 
g]A^gj.j,ovenous  blood  sampling  whenever  feasible,  limb  blood  flow  measurements  will  be 
i^epeated.  Total  experimental  time  estimated  at  two  to  three  hours. 

25.  (U)  76  02  - 76  09  Blood  flow  is  increased  only  to  the  burned  legs  and  the  close 
relationship  between  leg  blood  flow  and  the  size  of  leg  burn  suggests  that  most  of  the 
increased  peripheral  blood  flow  is  directed  to  the  wound  while  the  extent  of  local 
iniurv  is  the  major  determinant  of  limb  flow.  Temperature  changes  of  the  wound  will 
modify  leg  blood  flow  in  a predictable  manner  - increasing  temperature,  cause  high  flows 

and  vice  versa  Leg  oxygen  consumption  and  substrate  ti^nover,  total  body  blood  <^low 
and  energy  metabolism  are  just  undeiway  and  not  enough  data  is  avilable  for  comment. 
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ABSTRACT 


PROJECT  NO.  3A162110A821-00,  COMBAT  SURGERY 

REPORT  TITLE:  THE  RELATIONSHIP  BETWEEN  LIMB  BLOOD  aOM  AND  METABOLISM 
FOLLOWING  THERMAL  INJURY  IN  SOLDIERS 

US  Army  Institute  of  Surgical  Research,  Brooke  Army  Medical  Center, 
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Period  covered  in  this  report:  1 July  1975  - 30  September  1976 
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Douglas  W.  Wilmore,  M.D. 

Arthur  D.  Mason,  Jr.,  M.O. 

Basil  A.  Pruitt,  Jr.,  M.D.,  Colonel,  MC 


Simultaneous  measurements  of  resting  leg  blood  flow  and  sur- 
face and  rectal  temperatures  were  performed  in  45  studies  of  nine 
normals  and  28  burn  patients.  The  patients  had  burns  from  3-86% 
of  the  total  body  surface  with  leg  injury  ranging  from  0-87.5%  of 
the  leg  surface. 

In  the  patient  group,  blood  flow  was  essentially  normal  in 
the  uninjured  legs,  increased  in  a curvilinear  manner  with  the 
size  of  the  leg  burn,  and  approached  a plateau  of  8.0  ml /1 00 
ml*min  as  the  per  cent  of  leg  bum  exceeded  60%.  Increasing  leg 
surface  temperature  by  5°C  increased  blood  flow  to  the  same  ex- 
tent in  patients  with  burned  and  unburned  extremities  as  it  did 
in  normals.  Peripheral  blood  flow  is  increased  following  thermal 
injury. 
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THE  RELATIONSHIP  BETWEEN  LIMB  BLOOD  ROW  AND 
METABOLISM  FOLLOWING  THERMAL  INJURY 


Following  successful  resuscitation  of  bum  shock,  cardiac  out- 
put rises  above  normal  resting  levels.  The  increase  in  total  cir- 
culation is  closely  related  to  the' per  cent  of  the  total  body  sur- 
face burned,  accompanies  an  increase  in  resting  metabolic  rate,  and 
may  reach  levels  2-3  times  normal  (1,2). 

Indirect  evidence  suggests  that  much  of  the  extra  blood  flow 
in  the  burned  patient  is  directed  to  peripheral  tissues.  Gump, 
et  al  (3),  found  that  splanchnic  blood  flow  represented  a smaller 
portion  of  the  cardiac  output  in  three  severely  burned  patients 
than  it  did  in  normal  individuals  or  patients  with  postoperative 
infection.  Wilmore  and  collaborators  (4)  suggested  that  much  of 
the  elevated  peripheral  blood  flow  is  directed  to  the  skin.  They 
found  that  burned  patients  maintained  above  normal  surface  tem- 
peratures despite  increased  evaporative  cooling  of  the  wound,  and 
concluded  that  this  elevated  skin  temperature  could  be  the  result 
of  increased  superficial  blood  flow.  In  addition,  the  coefficient 
of  core-to-skin  heat  conductance,  an  index  of  skin  blood  flow,  was 
twice  normal  in  burn  patients  in  a variety  of  thermal  environments. 

While  these  heat  balance  studies  tend  to  support  the  concept 
of  increased  peripheral  (surface)  blood  flow  in  the  burned  patient, 
the  influence  of  the  burn  wound  o^  the  distribution  of  this  ele- 
vated peripheral  flow  is  unknown.  Through  the  use  of  venous  oc- 
clusion pletliysmography,  this  study  provides  the  first  measure- 
ments of  peripheral  blood  flow  in  thermally  injured  patients. 


1.  Baxter  CR:  Fluid  volume  and  electrolyte  changes  of  the 

early  postburn  period.  In:  Clinics  in  Plastic  Surgery  (Vol.  1, 

No.  4),  edited  by  o A.  Moncrief,  Philadelphia,  Pa.:  W.  B. 
Saunders,  1974,  p.  6i>3-709. 

2.  Unger  A,  ‘‘aynes  BW  Jr:  Hemodynamic  studies  in  severely 
burned  patients,  iurg  Forum  10:3n6-361,  1959. 

3.  Gump  FE,  Price  JB  Jr,  Kinney  JM:  Blood  flow  and  oxygen 
consumption  in  patients  with  severe  burns.  Surg  Gynec  Obstet  120: 
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MATERIALS  AND  METHODS 


Twenty  etght  thermally  injured  patients,  with  a mean  bum  size 
of  39.5%  of  total  body  surface,  range  3-86%,  and  nine  normal  indi- 
viduals were  studied.  The  subjects*'  ages  ranged  from  15-55  years. 
Patients  selected  for  this  study  were  1)  free  of  any  pre-existing 
disease  prior  to  Injury;  2)  hemodynamically  stable  after  an  un- 
eventful resuscitation;  3)  in  a normal  state  of  hydration  with  a 
hematocrit  greater  than  33  and  without  abnormalities  in  serum 
electrolyte  concentrations,  osmolality,  or  pH;  4)  free  of  systemic 
infection  as  determined  by  clinical  symptoms  and  signs  and  daily 
bleod  cultures;  5)  6-21  days  postinjury,  before  significant 
healing  had  occurred;  and  6)  able  to  participate  in  the  study. 
Patients  represented  a wide  range  of  thermal  injury,  in  relation 
to  both  the  size  of  the  total  body  surface  burn  (%TBS)  and  the 
extent  of  lag  injury  (%LB).  The  wounds  were  treated  by  a variety 
of  techniques.  The  majority  of  patients  were  treated  by  the  ex- 
posure method  and  received  topical  applications  of  a silver 
sulfadiazine  cream  (Silvadene^  cream)  to  the  injured  surface,  but 
some  were  treated  with  11%  mafenide  acetate  topical  burn  cream 
(Sulfamylon^  cream),  saline,  or  5%  mafenide-saturated  dressings, 
0.5%  silver  nitrate  soaks,  or  cutaneous  allograft  biological 
dressings.  The  last  treatment  of  the  wound  was  at  least  8 hours 
prior  to  study.  In  the  nine  patients  treated  by  closed  tech- 
niques, the  dressings  were  removed  only  from  the  left  leg. 


Study  Design 


All  experiments  took  place  in  the  environmental  chamber  de- 
scribed previously  (4).  Room  temperature  was  maintained  at  30®C, 
and  relative  humidity  ranged  between  40-50%.  Control  subjects 
were  studied  in  shorts  or  shorts  and  halter,  and  patients  were 
similarly  draped  with  light  c'jtton  towels.  The  postabsorptive 
subject  was  moved  to  the  study  room  in  the  early  morning  and 
placed  in  bed.  Water  was  given  on  request  and,  in  some  patients, 
intravenous  infusion  of  0.04  molar  sodium  chloride  solution  was 
maintained  to  insure  normal  hydration.  Nine  copper-cons tant'an 
thermocoupTes  were  attached  to  the  skin  at  the  same  sites  for  all 


4.  Wilmore  DW,  Mason  AD  Jr,  Johnson  DW,  Pruitt  BA  Jr:  Effect 
of  ambient  temperature  on  heat  production  and  heat  loss  in  burn 
patients.  J Appl  Physiol  33:593-597,  1975. 
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subjects  C.dorsum  of  foot,  lateral  and  posterior  calf,  posterior 
and  anterior  thigh,  dorsum  of  hand,  forearm,  abdomen  and  low  back). 
Leg  skin  temperatures  were  monitored  from  both  legs,  using  five 
additional  thermocouples,  in  patients  with  asymmetrical  leg  bums. 

In  those  patients  treated  in  dressings,  the  thermocouples  were 
placed  on  the  wound,  under  the  dressing.  A rectal  probe  was  in- 
serted to  a distance  of  10  cm  from  the  external  anal  sphincter.  All 
temperatures  were  recorded  at  5-minute  intervals  throughout  the 
study.  After  the  subject  had  rested  quietly  for  at  least  one  hour, 
the  left  leg  was  inserted  into  a soft,  pliable,  water-impermeable 
boot,  and  then  placed  in  a full-length  plethysmograph.  Water  was 
added  to  the  plethysmograph  at  a temperature  equal  to  the  mean  leg 
skin  temperature,  and  maintained  at  this  temperature  through  a 
30-minute  equilibration  period  and  the  following  8-10  blood  flow 
measurements.  A 2-3  minute  interval  separated  the  blood  flow 
determinations. 

In  selected  studies,  water  temperature  was  then  raised  5®C  above 
neutral  bath  temperature  and,  following  30  minutes  of  equilibra- 
tion, a second  set  of  leg  blood  flow  measurements  was  performed. 

At  the  end  of  each  study,  the  plethysmograph  was  drained  and  the 
water  volume  determined.  Total  ..time  for  each  study  was  less  than 
three  hours,  and  the  subjects  usually  slept  throughout  the  study. 

Leg  Blood  Flow  Measurements 

The  validity  (5,6,7),  simplicity,  and  noninvasive  character  of 
venous  occlusion  plethysmography  make  this  the  optimal  approach  to 
the  study  of  peripheral  blood  flow.  The  plethysmograph  used  in 
this  study  is  basically  a rectangular  box  of  6.4  mm  plexiglass, 
slightly  tapered  toward  the  foot,  with  an  overall  length  of  86  cm 
and  a volume  of  51.9  litc  s (Fig.  1).  It  consists  of  three  sec- 
tions; the  thigh  plate  assembly  with  supporting  rings,  a full 
length  top,  and  a "trough"  section  made  up  of  the  floor,  two  sides, 
and  distal  wall.  A rubber  gasket  covered  with  high  vacuum  stop- 
cock grease  is  UL«d  to  obtain  a watertight  seal  when  these  sections 
are  bolted  together.  The  top  is  raised  at  the  distal  end  to  ac- 
conmodate  the  foot.  On  this  elevated  portion  of  the  top  section  is 


5.  Formal  PF,  Doyle  JT:  Rationale  of  ven)us  occlusion 

plethysmography.  Circ  Research  5:354-357,  1957, 

6.  Greenfield  ADM,  Whitney  RJ,  Mowbray  OF:  Methods  for  the 
investigation  of  peripheral  blood  flow.  Brit  Med  Bull  19:101-109, 
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7.  Landowne  M,  Kata  LN:  A critique  of  the  plethysmographic 
method  of  measuring  blood  flow  in  the  extremities  of  man.  Am  Heart 
J 23:644-675,  1942 
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Ptgure  1.  Leg  plettvysmograph 


a "chimney"  (7.5  cm  I.D.)  which  permits  water  displacement  from  'he 
plethysmograph  with  limb  swelling.. 

A 1 dose-fitting,  full  length,  boot  of  thin  (0.05  mm)  clear, 
polyvinyl  sheeting  was  used  to  form  a watertight  seal  around  the 
leg  when  In  the  plethysmograph,  preventing  fluid  exchange  across 
the  Injured  limb  and  minimizing  contamination  of  the  wound.  A nar- 
row tube  of  this  same  material  is  attached  to  the  toe  of  this  boot. 
The  tube  Is  passed  through  a small  port  in  the  top  of  the  plethysmo- 
graph to  permit  air,  caught  between  the  skin  and  the  boot,  to  escape 
as  water  is  added.  As  soon  as  the  bco^.  is  fully  collapsed,  the  exit 
port  Is  plugged  with  the  connecting  tube  in  place, 

A circular  cuff  of  polyvinyl  sheeting  at  the  proximal  end  of 
the  boot  serves  to  attach  the  boot  to  the  thigh  plate  of  the 
plethysmograph.  Before  the  leg  is  placed  into  this  boot,  the  prox- 
imal cuff  Is  pulled  through  the  opening  of  the  thigh  plate,  stretched 
tight  over  a raised,  grooved  lip  of  this  opening,  and  held  in  place 
by  an  0-r1ng.  To  minimize  bulging  of  this  flexible  dam,  the  cuff 
Is  backed  by  three  supporting  rings  (one  12.8  mm  felt  ring  sandwiched 
between  two  rings  of  6.4  mm  plexiglass).  A set  of  rings  of  various 
dimensions  was  prepared  to  accommodate  limbs  of  different  sizes.  The 
supporting  rings  are  held  in  place  by  a 6.4  mm  aluminum  plate  bolted 
to  the  thigh  plate. 

The  leg  is  slipped  into  the  boot  with  the  thigh  plate  and  sup- 
porting rings  attached.  The  thigh  plate  is  advanced  up  the  leg 
until  the  felt  supporting  ring  forms  a close,  nonconstricting  cuff 
around  the  upper  thigh  (approximately  15-20  cm  distal  to  the  symphy- 
sis pubis).  The  leg  is  then  placed  into  a nylon  mesh  sling,  and  the 
three  sections  of  the  plethysmograph  are  locked  into  place.  Through- 
out the  rest  of  the  study,  the  subject  rests  supine  vvith  ^he  leg 
abducted  about  30°  at  the  hip  and  at  tlie  level  of  or  slightly  above 
the  heart. 

Water  is  added  through  a port  in  the  bottom  of  the  pletliysmo- 
graph  until  it  reaches  a set  level  in  the  chimney.  In  order'  to 
standardize  hydrostatic  pressure  across  cne  limb,  this  same  level 
is  re-established  prior  to  each  blood  flow  determination.  Water 
temperature  is  maintained  at  the  mean  leg  skin  temperature  by  a 
Forma  refrigerated  and  heated  bath  and  circulator,  which  circjlates 
ethylene  glycol  at  a set  temperature  through  copper  tubing  'ocated 
in  the  floor  of  the  plethysmograph.  The  water  is  continuously 
stirred  by  two  small  centrifugal  pumps. 

Venous  occlusion  is  accomplished  by  rapidly  inflating  a 10  cm 
wide  tourniquet  cuff  placed  on  the  exposed  thigh.  Inflation  pres- 
sure is  created  by  filling  a large  air  reservoir  located  beneath 
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the  plethysmograph.  In  some  patients  with  bums  on  the  thigh,  a 
topical  anesthetic  {Z%  viscous  lldocalne)  was  applied  to  the  area 
under  the  tourniqupt  cuff  to  reduce  pain  resulting  from  Inflation. 
The  Distance  between  the  cuff  and  the  plethysmograph  is  minimized 
but  may  be  adjusted  in  order  to  distinguish  the  inflation  artifact 
from  actual  limb  volume  changes.  Venous  occlusion  pressures  were 
varied  In  each  experiment  to  maximize  the  rate  of  limb  swelling. 

The  usual  occlusive  pressure  ranged  from  80-140  mmHg. 

Change  In  limb  volume  with  venous  occlusion  causes  water  to 
rise  in  the  chimney.  The  associated  increase  In  column  hydro- 
static pressure  is  converted  to  an  electrical  signal  (Statham  Model 
P23BB  pressure  transducer),  amplified  (Sanborn  964  recorder),  and 
"ecorded  on  a Leeds  and  Northrop  Model  620  recorder. 

Using  this  recording  system,  the  inflation  artifact  is  readily 
identifiable  and  lasts  2-3  seconds  following  limb  occlusion.  Leg 
volume  changes  between  4 and  10  seconds  were  used  to  determine  leg 
blood  flow.  In  the  vast  majority  of  measurements,  tWs  portion  of 
the  curve  was  linear;  but,  when  this  segment  was  curvilinear,  tha 
slope  between  4-6  seconds  of  occlusion  was  read. 

The  plethysmograph  is  calibrated  with  the  leg  in  place  prior 
to  the  experiment  and  after  each  two  or  three  blood  flow  measure- 
ments. This  is  accomplished  by  injecting  known  volumes  of  water 
through  a three-way  stopcock  located  on  one  side  of  the  chamber. 

At  the  end  of  each  study,  the  volume  of  water  drained  from 
the  plethysmograph  U measured.  Limb  volume  is  calculated  by  sub- 
tracting the  measured  volume  plus  the  volume  of  the  boot  from  the 
known  capacity  of  the  plethysmograph  and  leg  blood  flow  is  expres- 
sed per  100  ml  of  leg  volume.  The  8-10  flow  measurements  are 
averaged  vo  determine  mean  resting  leg  blood  flow. 

This  plethysmograph  was  designed  and  constructed  specifically 
for  use  in  burn  patients.  The  long  leg  model  was  chosen  for  several 
reasons.  First,  it  provided  for  comfortable,  full-length  support 
of  burned  limbs  in  order  to  achieve  resting  blood  flow  measurements 
in  this  particular  patient  population.  Second,  by  incorporating 
a major  portion  of  the  limb,  the  effect  of  variations  in  the  extent 
of  limb  injury  could  be  evaluated.  Finally,  a plethysmographic  cuff 
wai  not  applicable  in  burn  limbs  because  variations  in  the  wound 
location  could  affect  limb  expansion,  thereby  precluding  the  use  of 
circumferential  changes  of  one  segment  as  being  representative  of 
volume  alterations  of  the  entire  limb. 
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B6dy  Temperature  H&asuremefit 

Total  Bo4yfflean  sktn  temperature  (T.i.1  was  calculated  by  ap- 
propriately weighting  nine  sktn  temperatures  according  to  the 
estimated  surface  area  being  represented  C8j: 

Tgk  = 0,143  T anterior  thigh  + 0.081  T posterior  thigh  + 

0,168  T lateral  calf  + 0.105  T low  back  + 0.140  T forearm 
+ 0.050  T dorsutmi  of  hand  + 0.315  T abdomen. 

Mean  leg  skin  temperature  (Tc|^],)  was  calculated  in  a similar 
manner  from  five  leg  skin  temperatures: 

Ts(.i  = 0.365  T anterior  thigh  + 0.122  T posterior  thigh 
+13. 250  T lateral  calf  + 0.083  T posterior  calf  + 0.179 
T foot. 


RESULTS 

Forty-five  separate  studies  of  resting  leg  blood  flow  and 
simultaneous  measurements  of  rectal  and  surface  temperatures  were 
performed  in  the  nine  control  subjects  and  28  burn  patients 
(Table  1).  With  an  increase  in  the  size  of  total  body  surface 
Injury,  there  was  a general  increase  in  peripheral  blood  flow, 
central  and  surface  temperatures  and  per  cent  leg  burn  (Table  2). 
The  Increase  in  leg  blood  flow  was  poorly  related  to  total  body 

surface  burn  (r^  = 0.33)  and  rectal  temperature  (r^  = 0.27),  sug- 
gesting that  the  extra  leg  blood  flow  was  not  a manifestation  of 
a generalized  systemic  response  to  injury. 

Because  >ome  patients  with  burns  as  great  as  50%  of  the  total 
body  surface  had  uninjured  legs,  the  local  influence  of  the  wound 
on  peripheral  circulation  was  assessed  by  comparing  a group  of 
patients  with  burned  legs  with  another  group  having  comparable 
total  bo4y  surface  injuries  but  no  bum  on  the  leg  under  study 
(Table  3).  The  systemic  response  to  injury  was  essentially  the 
same  In  both  groups  of  patients,  as  reflected  by  comparable  rectal 
and  total  body  mean  skin  temperatures.  Leg  blood  flow  and  mean 
leg  skin  temperatures,  however,  were  significantly  increased  by 
the  local  presence  of  the  burn  wound.  Conversely,  leg  blood 
flow  .in  the  uninjured  limbs  of  burned  patients  was  similar  to  that 
of  the  normal  controls. 


8.  Mitchell  D,  Wyndham  CH:  Comparison  of  weighting  formulas 
for  calculating  mean  skin  temperature.  J Appl  Physiol  26:616-622, 

1969. 
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'atlent  had  a burned  (2b)  and  unbumed 


TABLE  2.  Genoral  effects  of  total  body  burn  size  on  body  temperatures  and  leg 
blood  flow  (mean  + S.E.  or  range) 


Burn  Size 

Controls 

<25t 

25-49X 

>49* 

No.  of  Subjects 

9 

9 

11 

8 

No.  of  Studies 

11 

11 

14 

9 

Age  (Years) 

28 

(22-35) 

26 

(15-40) 

24 

(19-28) 

Weight  (kg) 

74.8 

(51.4-104.5) 

74.9 

(52.3-93.1) 

70.8 

(61.8-88) 

69.8 

(58.4-81.6) 

X Total  Body  Surface 
Burn 

0 

15.0 

(3-24.5) 

40.5 

(25.5-48) 

66.5 

(50.86) 

X Leg  Surface  Burn 

0 

12.0 

(0-45) 

29.5 

(0-70) 

59.5 

(0-87.5) 

Postburn  Day  Studied 

11 

(6-18) 

12 

(7-21) 

14 

(7-21) 

Temperatures  (“C) 

Rectal 

37.0  t 0.1 

37.7  + 0.1 

38.3  i 0.2 

38.4  t 0.3 

Mean  Skin 

34.5  t 0.1 

35.4  t 0.2 

36.0  i 0.2 

35.8  t 0.5 

Mean  Leg  Skin 

33.9  t 0.3 

34.8  t 0.3 

35.3  i 0.3 

35.0  t 0.6 

Leg  Blood  Flow 
(ml/100  ml  ‘min) 

2.74  t 0.16 

4.34  1 0.67 

5.91  i 0.69 

6.39  t 0.72 
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TABLE  3.  Local  effects  of  leg  burn  wound  on  limb  blood  flow  and 
surface  temperatures  (mean  + S.E.  or  range) 


controls 

No  Leg  Bum* 

Leg  Burn** 

No.  of  Subjects 

9 

8 

8 

No.  of  Studies 

11 

10 

9 

Age  (Years) 

28 

30 

23 

(22-35) 

(15-40) 

(15-33) 

Weight  (kg) 

74.8 

70.7 

1 68.8 

(51.0-104.5) 

(54.5-83) 

(57.3-84) 

X Total  Body  Surface 

Bum 

0 

25.5 

26.0 

(3-50) 

1 

(6.5-50) 

X Leg  Surface  Bum 

0 

0 

27.5 

(2.5-52.5) 

Postburn  Day  Studied 

j 

12 

12 

(7-21) 

(6-21) 

Temperatures  (®C) 

Rectal 

37.0  t 0.1 

37.9  t 0.2 

J8.0  ± 0.1 

Mean  Skin 

34.5  t 0.1 

35.4  1 0.3 

35,8  t 0.2 

Mean  Leg  Skin 

33.9  t 0.2 

34.6  t 0.3 

35.4  + 0.2+ 

1 

Leg  Blood  Flow 
(ml/100  ml'fflln) 

2.74  * 0.16 

3.13  1 0.21 

5.89  t 0.68+ 

^Patients  No.  1.  2a,  4,  3,  10.  13,  16a,  16b,  21a,  21b 
**Pat1ents  No.  2b,  3,  6,  7,  9a,  9b,  12,  15,  22 
'^’Unpaired  t-test  with  patients  without  leg  bum,  p<c.05 
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In  all  subjects  studied,  leg  blood  flow  increased  with  the 
extent  of  the  leg  bum  (fig.  2).  The  relationship  appeared  curvi- 
linear: limb  blood  flow  approaching  8.0  ml/lOQ  ml ‘min  as  the  size  - 
of  the  leg  burn  exceeded  60%. 

Increasing  leg  surface  temperature  by  raising  bath  temperature 
5“C  increased  limb  blood  flow  to  the  same  extent  in  patients  with 
burned  and  unbumed  extremities  as  it  did  in  the  normal  controls 
{Fig.  3).  This  circulatory  response  in  the  burned  limbs  was  not 
solely  determined  by  vasodilatation  of  the  uninjured  skin  since 
comparable  changes  in  leg  blood  flow  occurred  in  patients  with  leg 
bums  as  great  as  85%  of  the  leg  surface. 

DISCUSSION 

Leg  blood  flow  measurements  in  these  patients  clearly  demon- 
strate that  peripheral  blood  flow  is  increased  during  the  hyper- 
metabolic-hyperdynamic  phase  of  thermal  injury.  Since  this  extra 
blood  flow  was  closely  related  to  the  extent  of  local  injury,  and 
not  found  in  the  uninjured  legs,  the  increased  peripheral  blood 
flows  appear  to  be  directed  primarily  to  the  burn  wounli.  As  ob- 
served in  earlier  total  body  measurements  and  confirmed  by  this 
study,  elevated  blood  flow  accounts  for  a higher  mean  leg  skin 
temperature  on  burned  limbs.  This  is  most  evident  in  the  two 
groups  of  patients  with  and  without  leg  burns  but  comparable  core 
and  total  body  mean  skin  temperatures  (Table  3).  Since  trese  two 
groups  maintained  similar  levels  of  body  heat  content,  the  higher 
skin  temperatures  on  the  burned  legs  are  the  result  of  higher 
superficial  blood  flows.  Considering  the  increased  evaporative 
cooling  which  occurs  from  the  bum  wound  (9,4),  the  impatt  of  in- 
creased superficial  blood  flow  on  maintaining  an  elevated  surface 
temperature  is  even  more  impressive. 

Additional  observations  in  our  laboratory  support  the  concept 
of  wound-directed  peripheral  blood  flow.  In  third  degree  wounds, 
which  are  associated  with  superficial  vascular  thrombosis  (10), 
leg  blood  flow  is  near  control  levels  shortly  after  injury.  Flow 


9.  Harrison  HN,  Moncrief  JA,  Duckett  JW  Jr,  Mason  AC  Jr.: 

The  relationship  between  energy  metabolism  and  water  loss  from 
evaporation  in  severely  burned  patients.  Surgery  56:203-211,  1964. 

4.  Wilmore  DW,  Mason  AO  Jr,  Johnson  DW,  Pruitt  BA  Jr:  Effect 

of  ambient  temperature  on  heat  production  and  heat  loss  in  bum 
patients.  J Appl  Physiol  38:593-597,  1975. 

10.  Order  SE,  Moncrief  JA:  The  Bum  Wound.  Springfield,  111: 
Charles  C.  Thomas,  1965. 
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surface  within  the  plethysmograph. 
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Figure  3 
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LEG  SURFACE  TEMPERATURE  (C”) 


The  effects  of  a 5°C  increase  in  water  temperature  on 
leg  blood  flow  in  normal  controls  (subjects  la,  2,  3,  4), 
patients  without  leg  burns  (patients  1,  10,  13,  16a,  16b), 
and  patients  with  burned  legs  (patients  3,  6,  7,  14a,  14b, 
20,  25,  27).  While  the  flow  to  the  burned  legs  is  ele- 
vated, tne  response  to  leg  heating  was  the  sam'i  in  all  sub- 
jects. Each  point  represents  the  mean  surface  temperature 
and  the  mean  and  S.E.  of  the  leg  blood  flow  for  each  group. 
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increases  to  reach  levels  predictable  from  the  size  of  leq  burn  by 
the  end  of  the  first  week,  associated  with  formation  of  a richly 
vascularized  v/ound  bed.  In  contrast,  partial -thickness  injury  does 
not  ablate  the  superficial  vascular  bed  and  blood  flow  is  elevated 
in  these  legs  as  soon  as  circulatory  volume  is  •■'estored.  In  addi- 
tion, leg  blood  flow  measurements  v/ere  performed  in  patient  no.  28 
prior  to  and  five  days  after  excision  to  ^ascia  of  the  32.5  Ion 
surface  wound.  Leg  blood  flow  dropped  from  5.27  ml/100  ml'miri  to 
3.33  ml/100  ml*min  with  the  removal  of  the  burn  tissue. 

Other  studies  suggested  tnat  increased  peripheral  blood  flow 
occurs  in  burned  patients  (3)  and  related  the,  increase  in  total  body 
core-to-skin  heat  conductance  to  burn  size  (4).  Patients  with  large 
burns  were  characterized  by  diminished  core-to-skin  insulation. 

This  study  demonstrates  that  the  increased  peripheral  blood  flow  and 
heat  conductance  previously  reported  are  confined  to  the  burn  wound. 
Patients  with  small  burns  have  less  of  an  insulative  deficit,  and, 
consequently,  can  store  heat  more  effectively  than  extensively 
injured  patients.  Severely  burned  individuals  usually  do  not  increase 
body  temperature  in  proportion  to  burn  size  and  often  maintain  cooler 
skin  and  wound  surface  temperatures  than  patients  with  smaller  burns. 
•Since  the  insulative  deficit  increases  with  burn  size,  but  the  rate 
of  metabolic  heat  production  reaches  maximal  levels  (approximately 
twice  normal)  in  patients  with  burns  greater  than  603  TBS  injuries 
(11),  the  more  extensively  injured  patients  are  extremely  vulnerable 
to  hypothermia  when  exposed  to  cool  environments. 

The  plateau  or  upper  limit  of  leg  blood  flow  to  the  more  ex- 
tensively burned  limbs  does  not  reflect  maximal  vasodilation  of  the 
wound,  since  blood  flow  to  these  legs  increased  when  the  tempera- 
ture of  the  surface  was  raised  5°C.  Vascular  smooth  muscle  tone  in 
the  granulating  wound  is  therefore,  at  least,  sensitive  to  changes 
in  local  temperature,  but  the  additional  influences  of  other  local 
metabolic  factors  and/or  cent>"al  reflex  activity  on  wound  perfusion 
remain  to  be  identified.  Since  peripheral  or  wound  blood  flow  is 
affected  by  variations  in  surface  temperature,  an  elevation  in 
ambient  temperature  should  permit  the  burned  patient  to  increase 
wound  blood  flow  and  presumably  improve  healing. 


3.  Gump  FE,  Price  JB  Jr,  Kinney  JM:  Blood  flow  and  oxygen 
consumption  in  patients  with  severe  burns.  Surg  Gynec  Obstet  120: 
23-28,  1970. 

4.  Wilmore  DW,  Mason  AD  Jr,  Johnson  DW,  Pruitt  BA  Jr:  Effect 

of  ambient  temperature  on  heat  production  and  heat  loss  in  burn 
patients.  J Appl  Physiol  38:593-597,  1975. 

11.  Wilmore  DW,  Long  JM,  Mason  AD  Jr,  Skreen  RW,  Pruitt  BA  Jr:. 
Catecholamines:  Mediator  of  the  hypermetabolic  response  to  thermal 
injury.  Ann  Surg  180:653-669,  1974. 


In  summary,  peripheral  blood  flow,  measurements  in  28  burn 
patients  revealed  tjhat  leg  blood  flow  was  increased  only  to  the 
injured  limbs.  Leg  blood  flow  was  closely  related  to  the  extent  or 
size  of  leg  burn,  indicating  that  most  of  the  increased  peripheral 
blood  flow  was  directed  to  the  burn  wound.  Variations  in  surface 
temperatures  modified  this  peripheral  vascular  response  to  injury. 
The  dominance  of  local  wound  effects  on  the  distribution  of 
peripheral  blood  flow  in  patients  with  marked  systemic  alterations 
in  metabolism  and  thermoregulation  demonstrates  the  priority  of 
the  wound  in  the  body's  homeostatic  response  to  injury. 
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23.  (U)  To  determine  a non-invasive  technique  for  evaluating  intrarenal  distribution 

of  blood  flow  in  a laboratory  animal  model  simulating  the  burned  soldier. 


24.  (U)  Animals  will  be  anesthetized.  A carotid  artery  cemnula  will  be  placed  as  well 

as  a jugular  cannula.  Dimercapto  succinic  acid  will  be  infused  intravenously  and  the 
kidneys  will  be  scanned.  Following  the  termination  of  the  scanning  labelled 
microspheres  will  be  injected  intraarterially.  The  animal  will  then  be  sacrificed,  the 
kidneys  harvested  and  the  exact  renal  distribution  of  blood  flow  will  be  determined  by 
counting  the  distribution  of  injected  microspheres.  A correlation  between  the  non- 
invasive  scan  technique  and  actual  renal  blood  flow  distribution  as  determined  by  the 
microspheres  will  be  sought. 


25.  (U)  75  11  - 76  09  Fourteen  rats  have  had  the  right  ureter  ligated  for  periods  of 

2 days  to  3 months  in  an  attempt  to  alter  renal  blood  flow.  The  contralateral  kidney 
was  used  as  a control.  Preliminary  studies  indicate  that  using  a graphical  emalysis 
of  Dimercaptosuccinic  acid  uptake  by  the  normal  kidney  a ratio  of  1.73  for  cortical 
to  cortical  medullary  blood  flow  is  obtained.  A ratio  of  1.75  was  obtained  by 
analysis  of  microsphere  distribution.  Obstructed  kidneys  have  also  been  studied 
but  too  little  data  is  as  yet  available  for  a meaningful  analysis.  Other  means  of 
altering  blood  flow  are  also  being  sought  to  confirm  this  method. 
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The  intrarenal  distribution  of  blood  flow  was  determined  by  a new 
noninvasive  technique.  Technetium  labeled  dimercapto-succinic  acid  was 
injected  intravenously  and  timed  retention  by  the  kidney  recorded. 
Graphical  analysis  of  the  uptake  curve  provided  values  for  two  zones  of 
blood  flow  and  compared  favorably  to  values  for  the  cortex  and  juxta- 
medullary  region  as  determined  by  microsphere  injection.  When  the 
distribution  of  blood  flow  was  altered  by  ureteral  ligation,  the  graphi- 
cal values  compared  favorably  with  those  obtained  by  microsphere  analysis. 


Renal  Blood  Flow 
Dimercaptosuccinic  Acid 
Differential  Renal  Blood  Flow 
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A NONINVASIVE  TECHNIQUE  FOR  DETERMINING  THE 
INTRARENAL  DISTRIBUTION  OF  BLOOD  FLOW 


I 


A curious  form  of  renal  Insufficiency^  is  periodical 1y  observed  in 
the  thermally  injured  patient.  Glomerular  filtration  rate  >s  diminished, 
but  unlike  classic  acute  renal  failure  oliguria  does  not  occur  and  urinary 
sodium  excretion  is  exceedingly  small.  The  syndrome  is  heralded  by  labor- 
atory evidence  of  prerenal  failure  in  the  absence  of  reccgnizabie  ciinicai 
causes.  The  avidity  of  the  nephrons  for  sodium,  their  continued  ability 
to  secrete  potassium,  and  the  early  prerenal  character  of  the  syndrome 
might  be  explained  by  a shift  in  the  intrarenal  blood  flow  from  the  cor- 
tex to  the  medulla.  Thus,  the  nephrons  with  the  long  loops  of  Henie  which 
are  known  to  have  an  increased  capacity  for  sodium  reabsorption  as  well  as 
urea  retention  are  maximally  perfused.  The  cortical  nephrons  would  con- 
tribute little  to  the  formation  of  urine,  thus  explaining  the  observed 
abnormalities.  Supportive  evidence  for  this  hypothesis  has  been  gained 
from  the  experimental  animal  In  which  a redistribution  of  renal  blood 
flow  has  been  demonstrated  in  the  early  postburn  period.! 

Two  methods  are  currently  available  for  determining  the 
distribution  of  renal  blood  flow.  The  first  involves  an  intra-arterial 
Injection  of  labeled  microspheres  followed  by  section  of  the  kidney, 
isolation  of  the  various  zones  and  counting  the  microspheres  in  the  tissue 
specimens.  This  technique  obviously  cannot  be  applied  to  patients.  The 
second  method  utilizes  a radioactive  nuclide  of  an  inert  gas,  either 
xenon  or  krypton,  and  involves  injection  of  the  nuclide  directly  into  the 
renal  artery  followed  by  recording  the  disappearance  of  radioactivity  from 
the  kidney.  The  disappearance  curve  is  stripped  into  four  components, 
the  first  three  representing  specific  zones  of  blood  flow. 2, 3. The 
method  is  cumbersome,  requires  manipulation  of  an  arterial  cannula  and 
does  not  lend  itself  to  studying  acutely  ill  patients  who  demand  con- 
tinuous intensive  care  monitoring.  Therefore,  if  the  proposed  mechanism 
of  acute  renal  failure  in  the  thermally  Injured  patient  is  to  be  sub- 
stantiated, a more  practical  approach  must  be  designed.  The  distribution 
of  blood  flow  determined  by  a nuclide  Injected  intravenously  followed  by 


1.  Carter  dG,  Wells  CH;  Intrarenal  redistribution  of  blood  flow 
In  the  early  postburn  period.  J Trauma  15:877,  1975* 

2.  Ladefoged  J:  Renal  cortical  blood  flow  and  split  function  test 

In  patients  with,  hypertension  and  renal  artery  stenosis.  Acta  Media 
Scandinavia  179:8,  p 6!<1 , 1968. 

3.  Ladefoged  J,  Pedersen  F;  Renal  blood  flov.,  circulation  times 
and  vascular  volume  In  normal  man  measured  by  the  intra-arterial  injec- 
tion -external  counting  technique.  Acta  Physiol.  Scand.  69:220,  1967. 

4.  Rosen  SM,  Hollenberg  NK,  Dealy  JB,  Merril  JP;  Measurement  of 
the  distribution  of  blood  flow  in  the  human  kidney  using  the  intra- 
arterial injection  of  l33Xe.  Relationship  to  function  In  the  normal 
and  transplanted  kidney.  Clin,  Scl.  34:287,  1968. 
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a renal  scan  and  graphical  analysis  would  obviate  many  of  the  difficui- 
ties  and  risks  of  the  washout  method  and  would  lend  itself  quite  well  to 
the  study  of  critically  ill  patients.  The  purpose  of  this  study  is  to 
determine  i.f  the  nuclide  technetium  labeled  dimercapto-succlnic  acid 
CPHSA)  given  intravenously  followed  by  renal  scanning  an<J  graphical 
analysis  is  an  accurate  method  of  determining  the  intrarenal  distribution 
of  blood  flow. 

materials  and  methods 

Preparation  of  the  experimental  animals.  Eight  Sprague  Dawley 
rats  were  anesthetized  with  sodium  pentobarbital  CO.025  mg  per  gm  body 
weight),  the  abdomen  entered  through  a lower  midline  incision  and  the 
right  ureter  ligated.  The  animals  were  allowed  food  and  water  ad  lib. 

They  were  reanesthetized  from  two  to  sixty  days  postligation  with  sodium 
pentobarbital,  a Jugular  and  superior  aortic  arch  cannula  placed,  and 
the  animals  positioned  under  a Searle  Hp  Pho-Gamma  camera.  One  milli- 
curie  of  DMSA  (fled i -physics)  was  injected  intrajugularly  and  both  kidneys 
scanned  ac  30  second  intervals  over  a 45-minute  period.  At  the  termina- 
tion of  the  experiment,  approximately  40,000  Strontium  85  (1.0  uc)  label- 
ed microspheres  (3  M Company)  were  injected  directly  into  the  aorta  and 
the  animal  sacrificed.  The  kidneys  were  removed,  weighed  and  placed  In 
glutaraldehyde.  Twenty-four  hours  later  each  kidney  was  sagittal ly 
sectioned  and  the  cortex,  Juxtamedul lary  and  medullary  zones  dijsectef 
Each  tissue  zone  was  weighed,  the  technetium  allowed  to  decay  and  the 
strontium  counted  in  a standard  well  scintillation  counter  (Chicagc 
Nuclear) . 

Graphical  analysis.  The  uptake  curve  conforms  to  the  general 
equation  q = C + (A  - C)  e“t/k  where  q is  the  value  at  time  t.  A,  the 
value  at  time  0 and  C the  value  of  the  asymptote. 5 The  curve  obtained 
for  the  uptake  of  DMSA  by  the  kidney  is  of  the  second  order  and  there- 
fore the  general  form  of  the  equation  may  be  expanded  to  q = C + (A  - C) 
e-t/ka  + (a-C)e~t/kb  where  q is  the  amount  of  nucl ide  contained  in  the 
kidney  at  time  t,  A the  quantity  of  nuclide  present  as  a function  of  the 
first  component  at  t = Q,  6 the  quantity  of  nuclide  as  a function  of  the 
second  component  at  t = 0 and  C the  asymptote. 

Several  requisites  must  be  satisfied  if  the  uptake  equation  is  to 
be  related  to  blood  flow:  1)  DMSA  must  achieve  rapid  equilibrium  between 

the  blood  and  the  renal  tissue,  2)  Once  taken  up  by  the  tissqe,  signifi- 
cant back  diffusion  into  the  blood  roust  not  occur,  3)  there  should  he 
little  excretion  into  the  tubular  lumen,  and  4)  the  partition  coefficient 
must  he  the  same  for  all  renal  zones.  Given  these  assumptions,  as  t 
approaches  Q,  the  renal  vein  concentration  of  DMSA  also  approaches  0 and 
the  arterial  concentration  is  proportional  to  the  blood  flov^  If  the 


5.  Defares  JG,  Sneddon  IN:  An  introduction  to  the  mathematics 

of  medicine  and  biology.  Year  Book  Publ i shers , Chicago,  I960,  pp.  554- 
552. 
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blood  flow  for  specific  areas  differs  from  that  in  other  regions,  the 
equation  will  be  greater  than  the  first  order  and  the  concentration 
of  nuclide  represented  by  each,  component  will  he  proportional  to  the 
blood  flow  of  a particular  area.  Therefore,  from  the  expanded  equation 
v\^n  t 0,  A and  B represent  the  components  of  total  isotope  which 
would  he  retained  if  all  the  isotope  injected  were  presented  to  the 
kidney  simultaneously  and  instant  equilibrium  were  achieved.  Since  the 
components  are  proportional  to  blood  flow,  the  percentage  distribution 
follows  directly. 

if  the  same  assumptions  regarding  the  rate  constants  for  inert  gas 
washout  curves  are  made  for  the  uptake  curves,  then  flow  per  gram  tissue 
for  the  zone  represented  by  the  rate  constant  may  be  calculated  by  the 
equation  Kp  = f/W  , where  Kp  is  the  rate  constant  fo**  component  n, 

F the  flow,  W the  weight  of  the  tissue  and  the  partition  coefficient 
between  tissue  and  blood  for  the  indicator,^ 

RESULTS 

The  ratio  of  component  A to  component  B determined  by  graphical 
analysis  for  seven  normal  kidneys  was  1.73  + 0.i<5.  The  ratio  of  cortical 
to  Juxtamedul lary  blood  flow  determined  by  microsphere  injection  was 
1.76  + 0.59  for  four  normals  and  did  not  differe  significantly  from  the 
ratio  obtained  by  graphical  analysis.  Three  ligated  kidneys  demonstrated 
a graphical  ratio  of  1.47  + 0.23  which  did  not  significantly  differ  from 
the  two  ligated  kidneys  analyzed  by  micospheres  (1.58  + 0.32).  The 
values  obtained  for  ligated  kidneys  did  not  significantly  differ  from 
those  for  normal  kidneys  in  either  the  microsphere  or  graphical  groups. 

Rapid  counting  of  three  normal  kidneys  and  bolus  injection  of  the 
nuclide  demonstrated  a sharp  increase  in  counts  over  the  kidney  to  a 
maximum  followed  by  a slight  fall  in  the  total  count.  As  the  bolus 
circulated  and  returned  to  the  kidney,  the  shar  uptake  followed  by  a 
moderate  dip  was  repeated.  Simultaneous  measurtmant  over  the  heart  con- 
firmed the  bolus  effect  without  dissipation  (ccjnts  over  the  heart  during 
the  period  when  the  bolus  was  elsewheie  in  the  vascular  system  revea'ed 
values  close  to  background).  Since  the  peak  kidney  counts  represent 
total  isotope  presented  to  the  tissue  and  the  troughs  that  which  is  re- 
tained, the  ratio  of  the  two  gives  the  partition  coefficient  for  DMSA 
for  the  entire  kidney.  Seven  curves  in  three  rats  were  analyzed  giving 
a ratio  of  0.76  + 0.Q5. 

Timed  bladder  scans  were  obtained  in  8 animals,  each  with  at  least 
one  normal  kidney,  and  demonstrated  insignificant  accumulation  of  activity 
during  the  first  10  to  15  minutes  following  injection.  The  ratio  of 
renal  activity  to  bladder  activity  at  15  minutes  was  17:1.  Counts  of  the 
vascular  system,  bladder,  background,  liver  and  kidney  revealed  almost 

6.  Ladefoged  J : Reasurements  of  the  re.nal  blood  flow  in  man  with 

the  '33Xenon  washout  techjiique.  Scandinav.  J.  Clin.  & Lab.  Investiga- 
tion 118:299,  1966. 
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exclusive  accumulation  in  the  latter. 


DISCUSSION 

Dimercapto-succinic  acid  labeled  with,  technetium  is  rapidly  taken 
up  by  the  renal  tissue  as  demonstrated  by  the  analysis  of  a bolus  of  the 
agent  passing  through'  the  kidney  with  the  determination  of  the  quantity 
retained  and  the  partition  coefficient.  Retention  by  the  kidney  is 
demonstrated  by  the  rapid  fall  off  in  radioactivity  from  the  heart  and 
lack  of  accumulation  in  the  liver  and  muscular  tissue.  The  bulk  of 
nuclide  remained  in  the  kidney  and  initially,  the  bladder  was  free  but 
after  30  minutes,  a moderate  amount  was  present.  Thus,  the  agent 
satisfies  the  criteria  of  retention  and  Insignificant  dissipation 
during  the  first  10  to  15  minutes  following  injection.  The  uniformity 
of  the  partition  coefficient  throughout  the  kidney  cannot  be  accepted 
with  certainty  since  no  experimental  maneuvers  were  performed  which 
would  shed  light  on  the  question.  Therefore,  the  criteria  necessary  of 
DMSA  for  determining  regional  renal  blood  flow  from  the  uptake  curve 
have  for  the  most  part  been  met. 

Microsphere  determination  of  regional  blood  flow  Is  generally 
accepted  as  the  most  accurate  method  and  the  very  close  correlation  of 
the  microspheres  to  graphical  analysis  of  DMSA  uptake  in  the  normal 
kidneys  is  encouraging.  One  method  of  altering  renal  blood  flow  is  by 
obstructing  the  kidney. 7 Although  the  correlation  between  injected 
microsheres  and  DMSA  analysis  for  the  obstructed  kidneys  was  quite  good, 
very  little  alteration  in  blood  flow  was  obtained  with  ligation. 

Although  pror.i.slng,  confirmation  of  the  usefulness  of  DMSA  analysis 
for  regional  renal  blood  flow  determination  must  come  from  correlations^ 
with  microspheres  in  animals  who  have  significant  alterations  in  regiona'l 
perfusion.  Such  studies  are  currently  in  progress. 

PRESENTATIONS  AND/OR  PUBLICATIONS 

None 


7,  Bay  WH,  Stein  JH,  Rector  JB,  Osgood  RW,  Ferris  TF;  Redi.stribu 
tion  of  renal  cortical  blood  flow  during  elevated  ureteral  pressure. 

Am  J Physiol.  22Z:33,  1972. 
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ABSTRACT 


PROJECT  NO.  3A162110A821-00,  COHBAT  SURGERY 

REPORT  TITLE:  GLUCAGON  AND  HEAT  PRODUCTION  IN  NORMAL  NMI  AND  SEPTIC 
BUtol  PATIENTS  IN  A MILITARY  POPULATION 

US  Army  Institute  of  Surgical  Research,  Brooke  Army  Medical  Center* 
Port  Sam  Houston*  Texas  78234 

Investigators:  Howard  L.'AulIck*  PhD*  Major*  HSC 
Douglas  U.  WMmore*  HD 
Arthur  D.  Mason*  Jr.*  HD 

Reports  Control  Symbol  HEDDH>288(RI) 


Metabolic  rate,  urinary  catecholamines*  serum  glucose*  and 
Insulin  were  determined  serially  In  23  studies  in  six  normal  men 
during  two  hours  of  rest  followed  by  two  hours  of  intravenous  glucagon 
infusion.  Glucagon  doses  ranged  from  0*'2  mg/hr.  Metabolic  rate  In- 
creased 202  above  resting  levels.  This  relationship  was:  matabollc 
rate*  kcal/m^/hr  ■ 42.2*  dose  mg/hr  0.055*  r^  ■ 0.758*  p<0,00l. 
Glucagon  calorigenesis  was  unrelated  to  urlnery  catecholamine  excre- 
tion rate  and  unaffected  by  beta  adrenbrgic  blockade  In  three  sub- 
jects. Glucose*  insulin*  and  respiratory  quotient  Increased  with 
glucagon  administration,  Indicating  augmented  ticiss  flow  of  glucose 
from  the  liver  to  the  periphery.  Glucagon  calorigenesis  was  not 
related  to  increased  cellular  uptake  of  glucose:  glucose  infusion  in 
six  studies  produced  similar  hyperglycemia  and  insulin  responses Hiut 
failed  to  produce  ccmparable  hypermetabolism.  Glucagon  infusion  In- 
creased heat  production,  core  temperature*  and  blood  glucose  In  four 
septic  burn  patients.  Glucagon  calorigenesis  is  associated  with 
hepatic  glucose  production  and  these  effects  are  not  mediated  by  the 
beta  adrenergic  nervous  system. 


Glucagon 
Hype rmetabol Ism 
Glucose  flow 
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GLUCAaON  AND  HEAT  PRODUCTION  IN  NORMAL  MAN  AND  SEPTIC  BURN  PATIENTS 


Injury  or  Infection  In  man  Increases  the  mass  flow  of  glucose 
from  the  liver  to  peripheral  tissues,  and.  the  rate  of  hepatic 
glucose  production  Is  related  to  the  extent  of  Injury  and  degree  of 
hypermetabolism.'  Gram  negative  bactei'anla  In  bum  patients  decreases 
both  mass  flow  of  glucose  and  o)^en  consumption.^*^  This  study,  de- 
scribing the  calorigenic  response  to  glucagon,  relates  this  response 
to  other  glucagon-mediated  metabolic  events  and  evaluates  mechanisms 
which  could  mediate  the  Increased  heat  production. 

METHODS  AND  MATERIALS 


Subjects 

Six  healthy  normal  males  participated  In  this  study,  which  was 
performed  over  a four-month  period  (Table  1).  All  subjects  were 
active,  without  previous  disease  processes,  and  were  well  acquainted 
with  metabolic  and  respiratory  testing.  The  subjects  maintained  their 
customary  dietary  Intake  and  activity  status  throughout  the  four- 
month  period  of  Investigation  and  were  rarely  studied  more  than 
once  a week.  The  night  before  the  study*  the  subjects  did  not  eat 
after  7:00  P.M. , but  were  allowed  to  drink  water  until  midnight. 

Procedure 


The  studies  were  performed  In  an  environmental  chamber,  previ- 
ously described,  with  ambient  temperature  maintained  at  28**C  and  a 
relative  humidity  of  50  per  cent.  Subjects  entered  the  room  between 
6:00  and  7:00  A.M.  on  the  day  of  the  study,  changed  to  light  cotton 
shorts,  and  rested  In  the  recumbent  position  In  bed.  A probe  of 
copper  constantan  was  placed  8 cm  Into  the  rectum,  and  temperature 
was  monitored  at  10-m1nute  Intervals.  Intravenous  Infusion  needles 
were  placed  In  large  bore  veins  of  one  or  both  forearms  for  Infusion 
and  blood  sampling,  ana  patency  was  maintained  by  Infusion  pumps 
with  0.04  molar  saline  Infusion  at  60  ml/hr.  After  30  to  60  minutes 


1.  Wllmore  DW,  Mason  AD  Jr,  Pruitt  BA  Jr:  Alterations  In  glu- 
cose kinetics  following  thermal  Injury.  Surg  Forum  26:81-83,  1975, 

2.  Wllmore  DW,  Mason  AD  Jr,  Pruitt  BA  Jr:  Altered  glucose  flow 
In  septic  bum  patients.  In  press,  Surg  Gynec  Obstet. 

3.  Wllmore  DW,  Long  JA,  Skreen  R,  Mason  AD  Jr,  Pruitt  BA  Jr: 
Catecholamines:  mediator  of  the  hypermetabollc  response  to  thermal 
Injuiy.  Ann  Surg  180:653-668,  1974. 
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of  recovery  fbllowtng  venepuncture,  the  subjects  voided,  the  time  was 
recorded  and  designated  as  the  start  of  the  experiment.  In  the  first 
tnfusion  study,  the  metabolic  rate  of  the  subject  was  determined  hourly 
for  four  hours.  The  four-hour  study  period  was  divided  into  a two-hour 
control  period,  followed  by  a two-hour  experimental  period.  At  the  end 
of  the  two-hour  control  period,  one  intravenous  infusion  was  replaced 
with  a freshly  prepared  solution  of  0.04  molar  saline  containing  glu- 
cagon, with  doses  administered  ranging  from-C.05  mg  to  2 mg  per  hour, 
with  the  infusion  rate  maintained  at  60  ml ,per  hour.  Analysis  of  the 
solution  by  specific  glucagon  antibody  confirmed  the  glucagon  concen- 
trations in  the  infusate  were  within  10  per  cent- of  the  specified  dose. 
Control  studies  ware  performed  in  all  subjects  with  the  saline  infu- 
sion maintained  throughout  the  four  hours  and  no  glucagon  given.  The 
order  of  the  dose  of  glucagon  infused  and  control  studies  were  ran- 
domized in  all  subjects.  In  addition,  three  subjects  received  a glu- 
cose infusion  during  the  experimental  period  to  evaluate  the  effect 
of  glucose  administration  on  metabolic  activity.  Venous  blood  samples 
were  drawn  for  serum  glucose  and  insulin  concentration  at  the  ep.d  of 
each  hour  of  the  control  period  and  at  30-minute  intervals  throughout 
the  experimental  period.  All  subjects  voided  at  the  end  of  the  two- 
hour  control  and  two-hour  experimental  periods,  and  the  volume  was 
fneasured  and  an  aliquot  acidified  and  frozen  for  catecholamine  analysis. 

A similar  protocol  was  used  to  evaluate  the  effect  of  beta 
blockade  on  glucagon  calorigenesis  in  three  subjects.  At  the  end 
of  the  two-hour  control  period,  5 mg  of  propanol ol  were  administered 
intravenously  as  a loading  dose,  followed  by  a constant  infusion  of  0.08 
mg  propanolol  per  minute,  which  was  given  along  with  a steady  infu- 
sion of  0.5  mg  glucagon  per  hour.  The  efficacy  of  beta  blockade  was 
determined  at  the  end  of  the  experiment  by  the  inability  of  subjects 
to  respond  to  beta  stimulation  (2  ug  isoproterenol  IV)  by  increasing 
pulse  rate,  or  demonstrating  a rise  in  plasma  free  fatty  acids. 

Analytical  Techniques 

Gas  exchange  of  oxygen  and  carbon  dioxide  was  determined  hourly 
by  the  open-circuit  technique  previously  described.'^  Two  Douglas 
bags  were  collected  over  10  minutes  and  the  results  of  the  two  measure- 
ments averaged.  Serun  glucose,  insulin  and  glucagon,  and  urinary  cate- 
cholamines were  determined  by  methods  previously  described."^ 


3.  Wilmore  DW,  Long  JA,  Skreen  R,  Mason  AD  Jr,  Pruitt  BA  Jr: 
Catecholamines;  mediator  of  the  hypermetabolic  response  to  thermal 
injury.  Ann  Surg  180:653-668,  1974. 
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Patients  Studied 


Four  Individuals  with  gram  negative  bacteremia  and  hypothermia 
were  infused  with  two  mg’ glucagon  per  hour  for  a two-hour  period. 

Core  temperature  was  monitored  in  all  patients  by  a rectal  thermistor 
«nd  metabolic  rate  and  serum  glucose  were  measured  in  three  of  the 
four  individuals  before  and  at  the  end  of  the  study  period. 

RESULTS 


Metabolic  Rate 


Basal  metabolic  rate  was  within  3 per  cent  of  predicted  meta- 
bolic rate  for  trained  subjects.^  Variations  in  a Douglas  bag 
measurement  during  the  control  period  or  during  the  saline  infusion 
did  not  exceed  more  than  6 per  cent  for  any  single  subject  studied 
over  the  two-hour  basal  or  four-hour  control  periods.  Maximum 
study-to-study  variation  in  basal  metabolic  rate  in  the  same  subject 
did  not  exceed  10  per  cent  for  any  single  Individual  studied  over 
the  four-month  period. 

Basal  metabolic  rate  increased  in  a curvilinear  manner  with  in- 
creasing doses  of  glucagon  (Fig.  1).  This  metabolic  effect  was  first 
evident  at  the  dose  of  0.25  mg  glucagon  per  hour.  Metabolic  rate 
plateaued  at  approximately  20  per  cent  above  basal  levels  of  heat 
production.  No  significant  difference  in  glucagon  calorigenesis  was 
noted  between  the  first  and  second  hour  following  glucagon  infusion. 
Oxygen  consumption  for  the  first  hour  during  all  glucagon  infusions 
was  262  + 8 ml /min  and  263  + 8 ml /min  for  the  second  hour%  Mean 
respiratory  exchange  ratios  (RQ)  moved  from  0.83  + 0.01  during  the 
basal  period  to  0.90  + 0.01  during  the  first  hour” postinfusion,  and 
0,90  + 0,01  during  the  second  hour.  No  significant  alterations  were 
observed  in  rectal  temperature  at  any  level  of  glucagon  infusion. 

Altered  Substrate  Flow 


Accompanying  the  alterations  in  metabolic  rate  were  elevations 
in  respiratory.exchange  ratio  and  serum  insulin  and  glucose  concen- 
trations. Hyperglycemia  and  insulin  response  were  highly  variable. 

In  general,  the  'early  elevation  of  serum  glucose  correlated  positively 
with  increasing  glucagon  doses,  but  the  hyperglycemic  response  was 
masked  by  the  stimulation  of  Insulin  with  glucagon  doses>0.5  mg/hr. 
Glucose  infusion  in  an  intermediate  (12  g/hr)  and  large  dose  (36  g/hr) 


4.  Fleisch  A:  Le  metabolisme  basal  standard  et  sa  determination 
au  moyen  du  "Metabocal culator,"  Helv  Med  Acta  18:23,  1951. 
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Figure  1.  Metatwitc  rate  Increases  In  a curvilinear  manner  but  does  not 
exceed  a 20X  Increase  above  baial  (left).  The  dose  response 
curve  ts  observed  expressing  per  cent  change  In  basal 
metabolism  as  a function  of  the  log  of  the  glucagon  dose  (right) 
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resulted  1n  hyperglycemia  and  Increased  insulin  elaboration,  and  was 
associated  with  an  Increase  In  respiratory  exchange  ratio.  However, 
glucose  Infusion  failed  to  produce  comparable  levels  of  heat  produc- 
tion attained  with  glucagon  doses  which  resulted  in  similar  altera- 
tions in  glucose  and  insulin  concentration  (Table  2). 

Role  of  Catecholamines 


Sympathetic  activity,  as  quantitated  by  urinary  excretion  rate 
of  catecholamines,  was  not  related  to  glucagon  cal  on*  genesis.  The 
mean  excretion  rate  of  urinary  catecholamines  was  5.6  + 0.6  jug  per 
two  hours  during  the  control  period,  6.7  + 0.8  jug  per  two  hours 
during  all  periods  of  glucagon  Infusion,  and  6.2  t 0.8jug  per  two 
hours  during  the  Infusion  of  glucagon ‘doses  of  0.25  mg  per  hour  or 
greater  (doses  associated  with  Increased  heat  production).  These 
differences  were  not  significant.  Propanolol  administration  in  doses 
known  to  adequately  block  metabolic  responses  to  beta  adrenergic 
stimulation  did  not  significantly  alter  Increased  cal orl genesis,  which 
occurred  following  the  0.5  mg  per  hour  glucagon  Infusion.  Similarly, 
alterations  In  glucose  or  Insulin  response  were  not  observed  by  beta 
adrenergic  blockade  (Fig.  2). 

Patient  Studies 

Core  temperature  Increased  with  glucagon  Infusion  in  all  patients 
(Table  3).  This  was  associated  with  an  Increase  In  metabolic  rate  and 
a rise  In  blood  glucose,  similar  to  the  alterations  that  were  observed 
in  normal  Individuals. 


DISCUSSION 

Glucagon  calorigenesis  has  been  described  In  both  animals  and 
man,  although  the  exact  mechanisms  of  the  Increased  heat  production 
were  not  known.  In  small  animals,  glucagon  admlnistratlorr  stimulates 
epinephrine  elaboration,  and  It  was  suggested  that  the  increased  g 
calorigenesis  was  mediated  through  the  sympathetic  nervous  system.® 
However,  In  this  study,  urinary  catecholamines  failed  to  show  any  ele- 
vation In  this  neurohormonal  transmitter  following  glucagon  adminis- 
tration, and  heat  production  was  unaffected  with  beta  blockade.  Tests 
of  thyroid  function  have  been  performed  following  glucagon  administra- 
tion In  man,  and  thyroid  hormone  Is  not  Increased  following  Infusion 


5.  Davidson  IWF,  Salter  JM,  Best  CH:  The  effect  of  glucagon  on 
the  metabolic  rate  of  rats.  Am  J Clin  Nutr  3:560,  1960. 
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ABOLIC  EFFECTS  OF  6LUCAG0N  ADMINISTRATION  AND  GLUCOSE  INFUSION 
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Ptgure  2.  Beta  adrenergic  blockade  did  not  affect  the  cal orl genic  or 
hyperglycemic  response  to  glucagon. 


of  this  hormone.®  The  possibility  thc^t  the  calorigenic  effect  was 
routed  to  the  mass  flow  of  glucose  into  the  peripheral  tissues  was 
also  evaluated  in  this  study.  Although  a slight  increase  in  metabolic 
rate  was  noted  during  glucose  infusion,  the  specific  d^amtc  effect 
of  glucose  U small,  and  does  not  account  for  the  total  elevation  of 
oxygen  consumption  which  was  observed  in  the  normal  subjects. 

Glucagon  acts  specifically  on  the  liver  to  enhance  gluconeo- 
genesis.  Previous  studies  in  severely  injured  patients  reveal  that 
the  mass  flow  of  glucose  from  liver  to  peripheral  tissue  is  corre- 
lated closely  with  heat  production,  thus  reflecting  energy  costs  of 
gluconeogenesis.  That  heat  production  increases  with  the  translo- 
cation of  glucose  from  liver  to  peripheral  tissue  is  observed  by 
the  increase  in  heat  production  which  is  accompanied  by  a rise  in 
serum  insulin  and  respiratory  quotient.  Diminished  mass  flew  of  glu- 
cose occurs  in  septic  injured  man,  but  heat  production,  core  tem- 
perature, and  mass  glucose  flow  are  increased  and  return  toward  p>^e- 
septic  levels  with  the  infusion  of  glucagon,  thereby  supporting  the 
concept  that  the  liver  is  the  primary  target  organ  which  fails  during 
gram  negative  endotoxemia.  Alterations  in  circulation  may  affect 
liver  function  in  septic  man  and  glucagon  may  improve  cardiac  output, 
peripheral  perfusion,  and  organ  function  in  the  patients  studied. 
However,  it  is  unlikely  that  increased  support  of  splanchnic  circu- 
lation alone  accounted  for  the  calorigenic  effect  of  this  hormone 
because  a consistent  rise  in  metabolic  rate  was  observed  in  the 
normals  following  glucagon  administration. 

It  should  be  noted  that  the  maximum  rates  of  heat  production  fol- 
lowing a pharmacologic  dose  of  glucagon  infusion  v/ere  relatively  small. 
With  infusion  doses  which  mimicked  portal  glucagon  levels  observed  in 
fasting  man  (0.05  mg/hr),  no  significant  change  in  metabolic  rate  was 
observed.  Burn  patients  have  glucagon  levels  which  are  much  higher 
than  those  observed  in  normal  or  fasting  man,'  and  this  hormone  may 
augment  the  heat  production  which  occurs  following  activation  of  the 
adrenergic  nervous  system  in  injured  man.  The  physiologic  signifi- 
cance of  this  calorigenic  effect  of  glucagon  is  yet  to  be  defined. 


6.  Trisotto  A,  Busnardo  B,  Frezzato  S,  Girelli  ML,  Federspil  6: 
Effect  of  glucagon  on  oxygen  consumption  in  man.  In  Current  Topics 
on  Glucagon,  edited  by  M.  Anstoni,  et  al , Padova,  1971 , p,  193. 

7.  Wilmore  DW,  Lindsey  CA,  Moylan  JA,  Faloona  GR,  Pruitt  BA  Jr, 
Unger  RH:  Hyperglucagonemia  after  burns.  Lancet  1:73-75,  1974. 
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Inhalation  injury  associated  with  cutaneous  thermal  injury,  and  the 
airborne  pneumonia  which  frequently  occurs  as  a complication,  remain  clini- 
cal problems  for  which  there  is  no  satisfactory  treatment.  Despite  the 
use  of  various  mechanical  devices  for  pulmonary  toilet  and  respiratory 
support,  the  prognosis  for  an  inhalation  injury  associated  with  a large 
cutaneous  thermal  injury  remains  dismal.  Although  the  early  problems, 
e.g.  laryngeal  edema,  bronchospasm,  and  pulmonary  edema,  can  be  treated, 
airborne  pneumonia  occurs  with  regularity  and  often  with  a fatal  outcome. 

It  has  been  suggested  that  aerosolized  antibiotics  have  a role  in 
the  treatment  of  airborne  pneumonias.  In  various  studies,  aerosolized 
polymixin  and  gentamicin  used  prophylactical ly  have  been  shown  to  reduce 
significantly  the  incidence  of  airborne  pneumonia  In  certain  groups  of 
high  risk  patients.  All  observers  have  described  the  emergence  of  res  is- 
tant  strains  of  bacteria  during  such  treatment. 

This  study's  purpose  is  to  investigate  the  effect  of  gentamicin, 
used  prophylactical ly,  on  the  course  of  Inhalation  Injury.  The  questions 
asked  are: 

1)  Is  overall  survival  affected? 

2)  is  the  incidence  of  airborne  pneunxjnla  affected? 

3)  Does  the  bacterial  flora  of  the  respiratory  tract  change  and  do 
resistant  bacterial  strains  emerge? 

This  is  a prospective,  double  blind  study.  The  patients  are  divided 
into  treatment  and  control  oroups.  These  groups  are  further  subdivided 
b^  age  and  burn  size.  To  enter  the  study,  a patient  must  have  evidence 
of  inhalation  injury  proven  by  xenon  scan  and/or  bronchoscopy.  All 
patients  receive  an  aerosolized  agent,  either  gentamicin  (3.0mg/kg/2A 


hours  divided  into  3 doses)  or  normal  saline  on  the  same  schedule. 

Therapy  continues  for  10  days  fol lowing  injury  or  until  pulmonary  Infil- 
trates have  cleared.  Luken's  tube  cultures  of  bronchial  secretions  are 
taken  on  alternate  days  in  an  attempt  to  identify  the  emergence  of  resis- 
tant strains  of  bacteria. 

There  have  now  been  20  patients  randomized  into  the  study.  No 
conclusions  can  be  drawn  frnn  so  small  a group  and  more  patients  will  be 
studied  before  the  code  is  broken  and  results  analyzed. 
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